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Ipenncnosue

Pomp CexTopa pagmoCBs3W 3aKIIOYAaeTCs B OOCCIIEYEHHMH PANHMOHAIBHOTO, CIIPABEIUITHBOTO, A(PQEKTHBHOTO U
9KOHOMHYHOTO HCIOJIb30BaHUS PaAMOYacTOTHOIO CIEKTpa BCEMH CIy)KOaMH paJuOCBs3H, BKIIOYas CIyTHUKOBBIC
CIIyXKOBl, W TPOBEACHHM B HEOrPAaHMYCHHOM YacTOTHOM JWANa3oHe WCCISJOBAaHMI, Ha OCHOBAHMH KOTOPBIX
HnpUHUMAroTCs PexomeHnanuu.

BcemupHBIe 1 perHoOHATBHBIE KOHPEPEHIINMH PaIUOCBSI3U U accaMOIIen paJfoCBsI3H P MOJIEPIKKE HCCIIEI0BATENBCKIX
KOMMCCHH BBIIOJIHSIOT PErjaMEeHTapHYI0 M NOJIUTHYeCKyIo pyHkumu CeKkTopa paanocBs3y.

[osmTHKa B 00;1aCTH NPaB HHTEJLIEKTYadbHOH codcTBeHHOCTH (ITNC)

ITonmutuka MCD-R B ob6mactu IIMC wm3maraercs B oOmieii matentHoii monutuke MCO-T/MCO-R/MCO/MDOK,
ynomuHaemoir B Ilpmmoxxkenmnm 1 k Pesomrommm MC3-R 1. ®opmel, KOTOphIe BiaAeibllaM IATEHTOB CIEIyeT
HCIIOhb30BaTh AJISl IPE/ICTABICHMUS TATEHTHBIX 3asBICHUN M ICKIAPAIfi O JTUIIEH3UPOBAHHH, IPEACTABICHBI TI0 aJpecy:
http://www.itu.int/ITU-R/go/patents/en, rae Takke coziepkarcss PyKOBOJSIIME MPHHIKIBI 110 BBITOIHEHHIO 00IICH
naterTHO! moutuku MCO-T/MC3-R/MCO/MOK u 6a3a maHHBIX naTeHTHOH nHpopMmarmu MCI-R.

Cepun Pexomenpanmii MCI-R

(TIpencrasneHsl Takxke B OHIaHHOBOH opMme 1o aapecy: http://www.itu.int/publ/R-REC/en.)

Cepus HaszBanue

BO CnyTHHKOBOE paJMOBELIAHUC

BR 3anuch A7 NPOU3BOJACTBA, apXUBUPOBAHHS M BOCIIPOU3BEICHUS; TNICHKH IJIsl TEICBHICHUS
BS PannoBemarenbHas ciryx0a (3BykoBas)

BT PannoBemaTensHas ciyx0a (TelleBU3HOHHAS)

F dukcupoBaHHas ciyxoa

[MoasmxHbIE CITyXKOBI, CTy)K0a pagrooNnpeeNieHns], TIOUTEIbCKas CIIy>)K0a M OTHOCSIIUECS
K HAM CITyTHHKOBBIE CITY>KOBI

P Pacnpocrpanenue paguoBoiH

RA Panuoactponomus

RS CucreMbl JUCTAaHIIMOHHOTO 30HUPOBAHUS

S @duxcupoBaHHAsI CIIyTHHKOBAs CITyK0a

SA KocMuueckue npumMeHeHUs] 1 METEOPOJIOTHS

SF CoBMeCTHOE MCIIOJIb30BaHUE YaCTOT U KOOPIUHAIMS MEXKITY CUCTeMaMH (PUKCUPOBAHHOM
CIIyTHUKOBOI1 CI1yKObI M (PUKCUPOBAHHOM CITyKOBI

SM YrnpaBieHue UCNOJIb30BAHNEM CIEKTPa

SNG CrnyTHUKOBBIH cOOp HOBOCTEH

TF Ilepenaua curHanoB BpEMEHU U STAJIOHHBIX YaCTOT

V CnoBapb 1 cBSI3aHHbBIE C HUM BOIIPOCHI

Ilpumeuanue. — Hacmosuwas Pexomenoayus MCI-R ymeepoicoena Ha aHeIULLCKOM 3bIKe
6 coomseemcmeuu ¢ npoyedypou, usnoxcennou 6 Pesonoyuu MCO-R 1.

Onexmponnas nyoauxayus
XKenera, 2016 1.
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Bce mpaBa coxpanensl. Hu oiHa u3 yacteli naHHOU MyOIMKaIUU HE MOXKET OBITh BOCTIPOM3BEICHA C TOMOIIBIO KAKUX OBl
TO HH OBLIO CPEICTB 0€3 MPeBapUTEIHLHOTO MUCEMEHHOTO pasperierns MCD.
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PEKOMEHJIALIUSI MCD-R SM.1600-2

Texanueckas I/II[eHTIrI(l)l/IKaHl/IH III/I(l)pOBLIX CUTHAJJIOB
(2002-2012-2015)

Cdepa npumeHeHust

B nacrosimelt Pekomenanmy omicaHsl MpONIEcChl, METOABl M MHCTPYMEHTHI TEXHHIECKOW MICHTH(UKAIUH
mdpoBsIX curHaioB. [IpoBeeHO cpaBHEHNE METOOB M HHCTPYMEHTOB M PEKOMEH/IyeTCs IPUMEHEHHE IS
pa3HBIX clieHapueB. PekoMeHmaus He COAepPKUT MOJPOOHOTO MOSCHEHHS aJrOPHTMOB MM 0COOCHHOCTEH
MPOEKTHBIX PEIICHUH ANMapaTHBIX M IMPOTPAMMHBIX HHCTPYMEHTOB. ClieyeT OTMETHTh, YTO NMPUMEHEHHE
HacTosmell PekomeHmanmum He OrpaHMYMBAETCS CHTHAJIAMHM, NPUBEICHHBIMH B KadecTBE HPUMEPOB, B
YaCTHOCTH Ha PUCYHKE 7.

KuroueBble ci1oBa

Wnentndukanms curaaios, aHaU3 CUTHAIOB, IIH(QPOBBIE CUTHAIBI

CootBercrByromue Oruerst MCI
Otuer MC3-R SM.2304

[NPUMEYAHMUE. — Bo Bcex caydasx ciaelyeT UCI0JIb30BaTh MOCIEAHEE [0 BpEMEHU U3AaHue AeiicTByromero Oryera.

Accambies paauocssazu MCDO,

Yuumuleast,
a) YTO HEYKJIOHHO PACLIMPSIETCS] MacIiTad UCIIONb30BaHUS Paino;

b) YTO MHUPOKO UCTIONB3YIOTCS IU(POBBIE CUTHAIIB,

C) YTO HCIOJIb30BAHME IIOCTOSIHHO BO3PACTAIOIIEro 4YMClIa YCTPOMCTB He TpeOyeT JIMLEH3MH WIN

nporecca cepTuHUKany, U 3TO CO3MAEeT TPYIHOCTH AJISl afMUHUCTPALUN NPU UAECHTU()UKAIMM UCTOUHUKA
W3IIy4YEeHUH;

d) qTO q)OpMI/IpyCTCH TCHACHIUS K HMCIOJB30BAHUIO TOI'0 K€ CIICKTpa HCECKOJBKUMH TCXHOJIOTUSAMU
PaauoCBsI3U,

E) YTO 3KaJ00bI HA TOMEXH IIpy UCIIOJIL30BaHUU I_[I/I(l)pOBOl"O M3JIy4YC€HHS 3a4aCTYH0 CJI0KHO Pa3pelInTh,
f) YTO TCXHHUYCCKas1 I/I,I[GHTPI(i)I/IKaLII/IH SABJIACTCA, KaK IIPaBUIIO, 00513aTeNbHBIM YCJIO0BUEM II000ro0

HU3MCPCHUA LII/I(i)pOBI:IX CUTHAJIOB, HMMCHOHIUX CJIOKHYIO q)OpMy, KOTOpPBIC HCHOJIB3YIOTCSA BO MHOI'UX
LII/I(i)pOBLIX CHUCTEMax CBSI3H,

g) 4UTO CYHIECTBYIOT 0a3sl AAaHHBIX CHUTHAJIOB, KOTOPBIC MOTYT CBsA3aTb COBPCMCHHBIC I_[I/I(I)pOBLIC
CHUTHAJIBI C UX COOTBCTCTBYHOINMMM BHCITHUMU ¥ BHYTPCHHUMH NapaMCTpaMu,

h) UTO AOCTYIHBI HOBBIC HHCTPYMCHTBI U MCTOAbI aHAJIM3a H I/I,I[CHTI/I(I)I/IKaLII/II/I, KOTOpPBIC MOTYT
00ecreynThb pacClio3HaBaHUC XapaKTEepa HCU3ZBCCTHOI'O CHUTHAJIa WU BbIIIOJHUTH I/I,Z[GHTI/I(i)I/IKaLII/IIO
COBPCEMCHHBIX I_[I/I(i)pOBBIX CTaHAapTOB,

pekomeHoyem

1 WICHTH(PHUIUPOBATH IIU(POBBIE CUTHAIIBI CIIEAYIOIUM 00pa3oM:
- nporiecc o01el naeHTHHUKANN Ha OCHOBE BHEIIHUX XapaKTEPUCTHK CUTHAIA,

- I/I}IGHTI/I(i)I/IKaIII/IS[ Ha OCHOBC BHYTPCHHUX XapaKTCPUCTUK CUTHaJIa (TI/IH MOAyJAONU W APYTrue
BHYTPCHHHUC IIapaMCTPhI (I)OpMLI CI/IFHa.]'IOB), €CJIM UMCIOTCA HCKOTOpI)Ie/‘IaCTI/I‘IHLIe aIlfpuoOpPHLBIC
3HaHUsS O CUTHAJIC,

- uAeHTU(UKANKS Ha OCHOBE KOPPEJINH C XapaKTePHUCTUKAMU M3BECTHHIX (DOPM CHTHAJIOB, €CIH
MMEIOTCS OOIIMPHBIE aPHOPHBIE 3HAHUS O CHTHAJIE,

- I/I,Z[CHTI/I(bI/IKaLII/IH, MMOATBCPIKACHHAA ,I[eMO}.IyJ'IHLIPIefI, ACKOAUPOBAHUCM M CpPAaBHCHUCM CUTHAJIa C
XAPAKTCPUCTUKAMU U3BCCTHBIX (bOpM CHUI'HAJIOB,
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2 CcIeZIoBaTh Mpoleccy, onucanHoMy B [Ipunoxxennn 1.

Ipuioxenue 1

BBenenne

B nacrosimem [IpunoskeHnu onucaHsl mard, pa3paboTaHHbIC IS BBIMOJIHEHUS JTMOO M0 OTACIBLHOCTH, JIUOO
COBMECTHO B TIOCJIEIOBATEIHHOCTH B IENAX HIACHTU(HKAIMKA PAacCMATPHUBAEMOTO IH(PPOBOTO CHTHAIA.
Jannas waQOpMaIus NpeaHa3HAUCHA I MPEACTABICHHUS TCOPETHICCKOM, MPAKTHUECKOW W JIOTHYECKON
KOHCYJIbTAIIMOHHOW TOMOIIYM NpU 00pa0O0TKE CTAaHAAPTHBIX COBPEMEHHBIX IU(POBBIX CHTHAIOB. B Tekcte
paccMaTpuBaceTCs UCIOJIL30BAaHUE BHEIIHUX MApPaMETPOB CUTHAJIOB, MIPUBOISATCS PEKOMEHIIAIUN B 00JIaCTH
aHaIlM3a BHYTPEHHUX ITapaMeTpPOB CHUTHAIOB IS Oojiee TOUYHOW KiacCH(UKAIlMK CUTHANA, W OMUCHIBAETCS
WCIIOJIb30BAHUE MPOrPaMMHBIX HMHCTPYMEHTOB M METOJIOB JUISl  IIOJIOKUTEIBHON — HJIeHTH(DHUKAIH
CTaHIAPTHOTO COBPEMEHHOTO U(POBOrO CUrHATIA.

HekoTopble cOBpeMEHHBIE aHATH3aTOPBI CIIEKTPA MOTYT CHUMATh XapaKTEPUCTHUKU CUIHAJIOB, OJJHAKO MHOTHE
U3 HUX HE MOTYT COXPAHWTh W TPEJOCTABHUTH JAHHBIE CHTHAJIOB C CHH(A3HO-KBaJAPATYPHON MOIYJISAIUEH
(/Q), uto momesHo ajst G6ostee TIyOOKOro aHajgM3a CBOWCTB curHana. OCHOBHOE BHHMAaHHWE B HACTOSIIEM
[puaoKeHNH yaesseTcss BEKTOPHBIM aHaIM3aTopaM CHTHAJIOB M MPHEMHHMKAM KOHTpOJIsI, TEM HE MEHee B
HEKOTOPBIX CIIydasX MOTYT TaK)Ke MCIIOIb30BaThCS aHAIN3ATOPHI CIIEKTPa ¢ QYHKIUSIMH aHAIN3a CHIHAJIA.

OmnpenesieHust
Cmanoapmmuvle cogpemenHnbvle yu@dposvie cucHabl.: 3TH CUTHANIBl BKIIIOYAIOT, KaK IMPAaBUIIO, CIEAYIOLIHE
CXEMbI MOAYJIALUA U q)OpMaTI)I MHOTI'OCTaHIIMUOHHOI'O I[OCTYHa:

— amIuuTyHas, ¢asoas u 4yactotHas Mmanumyssuus (ASK, PSK, FSK), Bkirouas MaHUMYJISIHIO
MHHUMaTBbHBIM caBurom (MSK);

- KBajipatypHas amruutyaHas moayssiius (QAM);

— oproroHaibHOe yactotHoe pasneneaue (OFDM);

— MHOTOCTAHI[HOHHBIN TOCTYII ¢ BpeMeHHbIM paszeneHuem (TDMA);

- MHOTOCTAHITHOHHBIN JOCTYI ¢ KOJOBEIM paszaeiennem (CDMA);

- (moctym) ¢ (KoAUpOBaHHBIM) OPTOrOHATBHBIM YacTOTHBIM pasjeneHueM (C)OFDM(A);

— MHOTOCTAHITHOHHBIN JJOCTYII ¢ YaCTOTHBIM pas3jiejieHneM KaHaloB ¢ oaHoi Hecyteil (SC-FDMA);

— BBIPaBHHBAHKE B 4aCTOTHOM 00sacTu ¢ oxnoi Hecyiei (SC-FDE).

Cucmemvl u npocpammuoe obecneyenue UOSHMUPUKAYUU CUSHAO0E. ITO KIACC CHCTEM WM TpPOTpamM,
00eCTeYnBaIONINX  TIOJIOXKUTEIBHYIO HICHTU(QHKAIUIO COBPEMEHHOIO [U(GPOBOTO CHUTHAJIA MYyTEM
Koppensiua (pOpMBbI CUTHAJIA ¢ OMOTMOTEKON M3BECTHHIX MIAOJIIOHOB, TAKMX Kak mpeamOyna, MumamoOya,
3alUTHBIA HHTEPBAJ, CJIOBO CHHXPOHH3AIINH, CUTHAIIBI CHHXPOHH3AIINH, HACTPOCUYHBIE TIOCIIEI0BATeILHOCTH,
MUJIOTHBIE CUMBOJIBI U KOJIbI, KOJIbI CKPEMOJIIMPOBAHHMSI, M ITyTEM COTOCTABIICHHS JEMOJIYTUPOBAHHOTO WU

ACKOJUPOBAHHOI'O CUTHAJIa C OMONMMOTEKOH H3BECTHBIX HIa6J'IOHOB, TaKMX KaK AJaHHBIC CHUTHAJIM3allUh B
KaHaJlaX BCIIaHMA.

Hannvle cuenana 1/Q: 1/Q o3nauaer naHHBIE CUTHAIIOB ¢ CHH(pA3HO-KBaApaTypHoi Moaysiueii. Jarnusie 1/Q,
MOJIyYEHHBIE B pPe3yJbTaTe IUCKPETHU3AlMK CHUTHAja, IIO3BOJIAIOT COXPAHHWTh BCHO HMHMOpMAIUIO 00
aMIUTATYJle, JacToTe M (pase, COAEpKallylocs B CUTHaje. DTO JaeT BO3MOXHOCTh TOYHOTO aHallM3a U
JIEMOJTYJISIIIUY CUTHAJIA Pa3IMYHBIMU CIIOCOOAMHM U SIBJISIETCS OOLISHPUHATHIM METOJIOM JICTAIBbHOTO aHalIn3a
CUTHAJIOB.

Ilpoepammnoe obecneuenue pacno3Hasanus MoOYIsAYUU. 3TO NPOrpaMMHOE oOecriedeHne, KOTOPOE MOKET
paborath ¢ ucxomHbMH 1/Q Wim 1eMOIyIMPOBaHHBIMHU 3aMUCSIMH ayJMOCUTHANIA U OIICHUBATH CIICITYIOLIHE
XapaKTEPUCTUKU CUTHAJIOB!

- LOCHTpAJIbHAasA 4aCTOTa U YaCTOTHBIN Pa3HOC MEXKIY HECYIIUMU,
- IIMPHUHA IIOJOCHI CUTHAJIA,
- AJIUTCIIBHOCTD CUTHAJIa U MC)KUMITYJIbCHAA JINTCIbHOCTD (B CJIydac UMITYJIbCHOI'O cnrHana);
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- KJIaCC MOJYJIALMK; OJJHA WIIM HECKOJILKO HECYILUX, IMHEHHAS WM HEJIMHEHHAS,
- (dhopMaT MOAYIISIINY;

- CHMBOJIbHAs! CKOPOCTH;

- otrowmenue curran-imym (SNR)L;

- OIpe/eisieMbIe CHTHAIOM IA0JOHbI (TakWe, KaK CHUTHAIbl CHHXPOHHU3AINH/TTUIOT-CUTHATIBI,
3allIUTHBIC HHTEPBAJIBI, CTPYKTYpa Kajapa).

Bexmopnoie ananuzamopor cuenanos (VSA) u npoepammnoe obecneuenue VSA. nHCTpyMeHTaNbHbIe VSA
OOBCUHSIOT JINOO CYNEPreTepOJUHHYI0 TEXHOJOTHIO WM Aalaparypy MpsAMOro TpeoOpa3oBaHUs C
BBICOKOCKOPOCTHBIMH aHAJIOTO-IIH(PpoBEIMHU TipeodpazoBarersimMu (ALIT) u mmudpoBoit 06pabOTKONH CUTHAIOB
(DSP), mnporpammupyeMbIMH BeHTHIbHbIMH Matpuiiamu (FPGA) wiud  BCTPOSCHHBIMH  OOIIUMHU
nporpammupyembiMu  niporieccopamu (GPP) it BeIMONHEHMST OBICTPBIX M3MEPEHUI CHEKTpa C BBICOKUM
paspenieHrueM, JeMOTYJISIIMU | PACIIMPSHHOTO aHaM3a BO BPEMEHHOW OOJIACTH U O0JIACTH CIIEKTP-BPEMsl.
VSA 0coOEHHO TOJIE3HBI JJISl ONpPENENCHUs] XapaKTePUCTHK CIOKHBIX CHUTHAJIOB, TAKMX KaK WMITYJIbCHBIC
CHUTHAJIBI, CHTHAJIBI IEPEXOTHOTO MEPHOJIa WIIH CUTHAJIBI ¢ IU(POBON MOIYJISIIHEH, UCTIONb3YyeMbIe AJIs Leei
CBSI3H, BHCO U Bemanus. VSA 00ecreunBaroT IS MOJIB30BaTE sl BO3MOKHOCTh cOopa HeoOpabotanubix 1/Q
0 paccMaTpPUBACMBIX CUTHAJIAX, BO3MOXHOCTh PACIIO3HABAHUS MOJYJISIIUU H BO3MOKHOCTh UICHTH(QHUKAIINH
CUTHAJIOB, OINpeEACIeHHBIX BbIme. [IporpammuHoe oOecneueHue VSA MOXET OCYIICCTBISATh WIM HE
OCYIECTBIATh yrpaBlicHHe GU3NUECKUM npreMHUKoM. OJTHAKO BO BCEX CIyYasX OHO JAeT MOJIb30BaTEIo
BO3MOKHOCTb aHAIM3UPOBaTh HeoOpaboTaHHble qanHbie 1/Q, MO0 CHATHIE C MPHEMHUKA, JTHOO0 MOTyYCHHbBIC
u3 (haiisos.

Kpowme Toro, ajis 1eMoay sl 1 ASKOIUPOBAHUS CTaHJAPTHBIX COBPEMEHHBIX ITU(PPOBLIX (DOPMATOB CBA3U
(mepedncneHHbIX B paszerne 6) mporpamMmHoe obecrieueHne VSA TPEIOCTABISET, Kak MpPaBHJIO, 3apaHee
YCTaHOBJICHHBIC KOH(UTYPAIIUU WU MA0JOHBI CUrHAIOB. [10J1b30BaTE I MOTYT MCIIONIB30BATh ATH I1a0IOHBI
JUIS TIPOCTOM TPOBEpKH (opmara aHAIM3UPYEMBIX TUIIOB CHUTHAJIOB, C TEM 4YTOOBI MOJATBEPIUTH HX
COOTBETCTBHE XapaKTEPUCTHKAM THIIA CHTHAJIOB, JHIIEH3UPOBAHHOTO I KaKOW-THOO TOJOCH YacTOT.
[Tomb30BaTenn MOTYT Takke J00aBISTh HOBBIC WIIM U3MEHEHHBIE CYIIECTBYIOIINE (JOPMAThl CUTHAIIOB.

Hpuemnux xonmpons. IPUEMHUK KOHTPOJISI BBIOUpPAET PaJMOCUTHAT M3 BCEX CHUTHAJIOB, MEPEXBATHIBAEMBIX
AHTCHHOM, K KOTOPOH OH TOJKIIOYECH, W BOCIPOM3BOJUT Ha BBIXOAC MNPHUEMHHMKA HH()OPMAIIHUIO,
MepeIaBaeMyro paJroCUTHAIOM, 00eCTIeunBas P 3TOM JIOCTYH IJISI U3MEPEHHsI IETANBHBIX XapaKTEPUCTUK
aToro curnaia. Kak npaBusio, 3TO BBIOJIHAETCS CIACAYIOIIMM 00pa3oM:

- JOCTYyH K IIPOMEXYTOYHBIM 3TalaM LCIIOYKH CUrHaja, WA

- B OOJIBIIMHCTBE COBPEMEHHBIX NMPUEMHHMKOB IyTEM 3allMCH WM BBIJa4d B KAYECTBE BBIXOIHBIX
JIAHHBIX TIOJHBIX XapaKTEPUCTHK aMILTUTY 16l U (ha3bl (0OBIYHO MyTEM JUCKPETH3AIMU U COXPAHEHHS
nmanueix 1/Q).

Benuuuna eexmopa owubku (EVM): BEeKTOp OIMUOKKM — 3TO BEKTOpPHAs pa3HMIIA B JAHHBIA KOHKPETHBIN
MOMEHT BPEMEHHU MKy WIeaJbHBIM OMOPHBIM CUTHAJIOM M M3MEPEHHBIM CUTHAJIOM. MIHBIMU cJIOBaMH, 3TO
OCTaTOYHBIN IIYM M UCKa)XCHHE, OCTAIOIIMECs TOCIe U3bATUS HaealbHON Bepcuu curHana. EVM sBusercs
cpenHekBajparnueckuM 3HaueHnem (RMS) BekTopa omOKu BO BpeMEHH B MOMEHTHI TAKTOBBIX MIEPEXO/I0B
CHUMBOJIOB (MJIM YHIIOB).

HIarn unenTudukanun uudpoBoOro CUrHaJia

1 O1eHKa BHELIHUX XaPAKTEPUCTHK CUTHAJIA

[lepBBIM 11arOM OCYIIECTBICHUS UACHTU(GUKAIMH [IH(PPOBOTO CUTHATIA SBISIETCS PUMEHEHUE TIPOCTEHIIIETO
moaxona. OH BKJIIOYACT CpaBHEHHE "BHENTHUX' MapaMeTpOB CHUTHaNA ¢ 0a30¥ JaHHBIX JTUICH3UPOBAHHBIX
CUTHAJIOB PETyJISTOPHOTO OpPraHa U YacCTOTHBIM IUTaHOM. K BHELIHHMM MapamMeTpaM CHUTHajda OTHOCSTCS
cleayolue:

- LOCHTpAJIbHAas 4aCTOTa U YaCTOTHBIN Pa3HOC MEXIYy HECYIIMMU,

1 Dror mapamerp He sBNAETCA OOIIETNPUHATHIM MAPAMETPOM MOJYIAIMH, OJHAKO OH YACTO MpPENOCTABIIAETCS

mporpaMMHBIM obecreueHrEM pacro3HaBaHug MOAYJISALMUA.
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- HIMPUHA TI0JIOCHI CHTHAJIA,;
- (opma criekTpa;
- JUTUTEILHOCTh CUTHAJIA (B CIyYae UMITYJIbCHOTO HJIH TIEPEMEKAIOIIET0 CUTHAA);

- CABUT 4aCTOTHI.

BusyanbHas mpoBepKa M COMOCTABICHUE HCCIIEAYEeMOTo CUrHala ¢ 0a30i JaHHBIX JIMIICH3UN PETYIISITOPHOTO
opraHa SIBJIIETCS XOPOIICH OTIPAaBHOH TOYKOH IPH HACHTH(PHUKAIMH KOHKPETHOrO IU(POBOr0 CHUrHaia.
CoBnajicHUE CUTHaJia CO BCEMHU BHEIIHMMHU TapaMeTpaMu OOECIeUMBAET BBICOKHE IAHCHI NMPaBUILHON
uneHTuukanuy 6e3 JanbHEHIIero aHaIH3a.

B tabmune 1 npuBenen mpumep Tabmuiel pacrpeneneHys 9actoT. B Tabnuiy BKIIOYEHO 0oOIee OMMCcaHue
CITy’k0, KOTOPBIM paspelieHa paboTa B JAHHOW MOJIOCE, KCILTyaTallMOHHBIE TApaMeTpPhl, 3HAYCHHS ITUPUHBI
OJIOCHI CUTHAJIA U pa3MellleHue KaHaioB. Bce 3TH aHHBIE MOTYT MCIOJIB30BATHCS JUISl IOUCKA COBIAICHUS
BHEIIHUX TapaMeTpOB CHTHalla M MPOBEJICHHS HAYaIbHOW OIICHKH WICHTHYHOCTH PACCMATPHBAEMOTO
CHUrHana.

TABJIMLIA 1

IIpumep Tadaunbl pacnpenejeHus 4acTOT

Tabuuia pacnpeesneHus 4acToT 698-941 MI'u (YBY) Crp. 29
MexayHaposHas Tabiuna Ta6muna Coequnennsix LlltaTo
Yacte(u) npasun PKC
Tab6nuua ais Paitona | Ta6muua uist Paiiona 2 Tabmuua qs Paiiona 3 || ®enepanbnas Tabimna | HedenepanbHas Tabiuia
(Cm. mpeapLayiyo 698-806 (Cwm. mpeapLayiyio 698-763 698-763
CTpaHHILY) OUKCHUPOBAHHAS CTpaHHILY) OUKCHUPOBAHHAS BecnipoBoanas cBssb (27)
TIOABIKXHAS 5.313B TMOABWXKXHAS Kougeprop IPTV
5.317A PAJUOBEILIATEJIBHAS | u TV (74G)
PAJUOBEIIATEJIbHASL
NG159
763-775 763-775
OUKCHUPOBAHHAS CyxonyTHas Mo/iBHXHast
MOJIBMOKHA S CBSI3b O0IIECTBEHHOI
6e3onacHoctu (90R)
NG158 NG159
775-793 775-793
OHUKCHUPOBAHHAS BecnipoBoanas ceasb (27)
IMMOABWXHASA Kounseprop IPTV
PAZIMOBEIIATEJIBHAS || u TV (74G)
NG159
790-862 793-805 793-805
OUKCUPOBAHHAA OUKCHUPOBAHHASA CyxoImyTHas MO/ABIKHAs
TIOJIBUXKHAA, TNOJIBUXKHA S CBSI3b OOIIECTBEHHOMN
32 HCKITIOYEHUEM 6e3onacHoctu (90R)
BO3yLIHON MOABUKHOM
5.316B 5.317A NG158 NG159
PAJIMOBEIIATEJILHA S 805-806 805-806
OHUKCHUPOBAHHASA Becniposoanast cessb (27)
IMOABWXHASA Kounseprop IPTV
PAZIMOBEIIATEJIBHAS || u TV (74G)
5.293 5.309 5.311A NG159

Ncnone3ys ananu3atop cekTpa, BEKTOPHBIN aHAIM3aTOp CUTHAJIOB WIIM PUEMHUK KOHTPOJIS, pETYJIATOPHBINA
OpraH MOJKET OIPEAEIUTh LICHTPAIbHYIO YaCTOTY CUTHAJIA, YACTOTHBIN pa3HOC MEXAY COCEIHUMU HECYILIUMU
W IIUPUHY TOJIOCHI cUTHAIIA. YacToTa J0IDKHA IPOBEPSTHCS 110 YACTOTHOMY TUTaHY, C TEM YTOOBI yOeIUThes B
LIEHTPOBKE CUTHAJIA B OJHOM U3 pacpeesIeHHbIX KaHanoB. Kpome Toro, cieyer mpoBepUTh MIUPHHY HOJIOCH
CHUTHaja Ha COOTBETCTBHE CTAaHJApTaM pa3MELIEHMs KaHAJIOB Uil pacCMaTpUBAEMOH IOJNOCHI YacTOT.
Ha pucynke 1 mnoka3zaHO, Kak MOTYT HCIIOJIb30BaThCS WHAMKATOPHBIE MAapKephl Ui OIpeneiIeHHs
LEHTPaJIbHON YaCTOTHI, IIMPHHBI MOJOCHI CUTHAJIA U MOILITHOCTH, U3MEPEHHON Ha BXOJI€ IPUEMHHKA.
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PUCYHOK 1

IIpumep oTobpazkeHus ceKTpa ¢ MapKepaMu

FEaR IRREI ENRRsERE E ~- 1 !
o

SM.1600-01

B Ta6J'II/ILle 2 MMpEaACTaBJICH BCCO6LCMJ'IIOH_II/Iﬁ Ha60p MCTOJO0B aHa/JIM3a, KOTOPLIC MOXCT HCIOJIb30BATb
pel"yJ’ISITOpHLIﬁ OpraH s O6Hapy>K6HI/I$I CUTHAJIOB U OLCHKW BHCHIHUX IMAPpaMETpPOB CHUI'HAJIOB. Mmnorue
NMPpUKIIaJIHBIC TPOrpaMMbl aHaJIM3a CUI'HAJIOB O6J'Ia)Z[aIOT BO3MOXXHOCTBIO BBIIIOJIHCHUA MAaTEMaTHYCCKUX
OHepaHI/Iﬁ C JaHHBIMHU BPEMCHH WJIM CIICKTPAJIbHBIMU JAaHHBIMH, WUJIA K cepnef/'l CIICKTPAJIbHBIX JaHHBIX.
Takue MPUKIIAIHBIC TPOTrpaMMbl MOTYT MCIHIOJIB30BAaThCA I TPOBEACHHUA ONPCACIICHHBIX OLCHOK BHCIIHUX
nmapamMeTpoOB CUTHAJIOB.
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TABJIVILIA 2

Py‘lﬂble METOAbI oﬁﬂapymeﬂml CUTHAJIOB U U3BJICYCHHUS BHCIIHUX ITAapaMeTpPoOB

Moanexanime u3MepeHU0
napaMeTpbl

l/lHCprMeHTI)I aHaJIn3a Tun MOAYyJISAUA

Panpmocpena

Hanuuune curnanos paguocCBiA3n

Kpocc-xoppemsiius |/Q curaana wix MrHOBEHHOM
aMIUIATY B! Aj C OTTIOPHBIM CHTHAIIOM

JIro00it TUI MOTYIISIMH, HO B OCOOCHHOCTH JIJIst
n3BecTHBIX curaaiaos 1DMA, CDMA u DSSS

JTrobGas

CriexTpaibHas INIOTHOCTh MOIITHOCTH JIro60¥# TUII MOIYISAUA

Cpenuee win Beicokoe SNR

ABTOKOPpEISALHS ¥ MUKIHIECKast aBTOKOPPEIISIIUL OFDM, SC-FDMA, SC-FDE

JIrob6as

CriekTpaibHbII KOPPENAIUOHHBIN aHAIN3 HewusBectaeie DSSS u cnabbie curHasisl

JIrobas

PRF mmn mnuna nauku

AMIUTUTYTHO-BPEMEHHOH aHaINU3 CUTHANA OOK, panap, IFF, npyrue ummysibCHbIe CUTHAJBI

Cpennee nnu Beicokoe SNR

Hecymaﬂ qacToTa
HO,Z[HGCYH.[I/IG HaCTOTBI

CriekTpaipHas INIOTHOCTh MOIITHOCTH JIro00if THI MOTYIISIIIH

Cpeanee unu Beicokoe SNR

I'ucrorpamMmma MrHOBEHHO# 9acTOTHI, Fij FSK

Cpenanee nnu Beicokoe SNR

CpenHee MTHOBEHHO# 4acTOTHI, Fj FSK

Cpennee nnu Beicokoe SNR

Crexkrp 1/Q curnana B crenern N (=M(MPSK),
4 (QAM) umu 1/h ms CPM)

PSK, QAM, CPM

TTonoxurensaoe SNR

CrieKkTpaiIbHbII KOPPENAIIMOHHBIN aHAIN3 JTro6ast nuHeliHast MoayIsiius U ocoberHo ASK,

BPSK, QPSK

JIrobas

CHeKTp CUTHaJIBHOTO MOAYJIS B CTENCHH 2 Wiy 4
C JKeCTKOW (uibTpanuen

Pi/2DBPSK, pi/4DQPSK, SQPSK

TTonoxurensHOEe SNR
JIrobas

IIIvpuHa 1MoJIOCH U3IIyYEHUS U
pa3MelleHUE KaHAJIOB

CriexTpaibHas INIOTHOCTh MOITHOCTH B CPaBHEHHH C
MacKoi Wi QyHKunel npenesbHON TMHUH

JIro60i1 THII MOy TISAIMH

Cpennee nnu Beicokoe SNR

YacToTHBIN pa3HOC MEXIY
TIOTHECYIIIUMH
(Casur mis FSK)

CrnekTpanbHasl INIOTHOCTh MOUTHOCTH. FSK, OFDM, COFDM

[Towck rapMOHUK W/HITH MapKephl TapMOHUK

Cpennee mwin Beicokoe SNR

I'mcrorpamMmma MrHOBEHHOM 4acToTHl, Fj FSK

Cpennee niu Beicokoe SNR
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®@opma cnekmpa:. NPYrUM METOJOM HICHTH(PHUKAIIUN CUTHAJIOB C UCIOJIh30BAHMEM BHEIIHUX HapaMeTpOB
CHUTHAJIa SBJISIETCS OleHKa (POPMBI CIIEKTPa W CUTHATYPBI. BOIbIIMHCTBO IporpaMMHOTO obectieueHust VSA
UMeeT  JEMOHCTPAIMOHHYIO  OMONHMOTEKY  CTaHAApPTHBIX  COBPEMEHHBIX  IU(PPOBBIX  CHUTHAJIOB.
OTH IEMOHCTPAIIMOHHBIE 0a3bI TIO3BOJISIOT PETYIATOPHOMY OpraHy pacCMaTpUBaTh BHEIIHHUE TAPAMETPHI (U B
HEKOTOPBIX CIIy4asx — BHYTPEHHHUE) CUTHAJIOB, B TOM YHCie (OPMY CIIEKTpA, JUTUTEILHOCTD U IPYTHE.

HexoTopsie BUIBI H3TydeHHs 001aJal0T 0COOCHHOCTSIMHU, KOTOPBIE YHUKAIBHBI [T TAHHOTO THUIIA TIepeaayH,
HampuMmep sl Tepefadyd MUIOT-CUTHAJIOB. B psje BuAOB mepeiadd HU(PPOBOTO TEICBHUACHUS BBICOKOI
YETKOCTH MHJIOT-CUTHAJI MOXKET MOMEUIaThCsl B HU3KOYACTOTHOW YacTW CWrHaja. Ha mpeacTaBieHHOM Ha
pucyHke 2 9KpaHe oroOpakeHa TeneBusnonHas nepenada (CIHIA, kanan 60, 749 MI'n) ¢ ucnonb30BaHHEM
cucrembl ATSC. Cnenyer oOpaTUTh BHUMaHHE HA HIDKHIOKO JICBYIO TPACCHUPOBKY M YHUKaIbHYIO (hopMmy
CIEKTpa C HAIMYKMEM MUIOT-CUTHANA. DTa POpMa, B COUETaHUH C LIEHTPAIILHON YaCTOTOM M IIMPHUHOMN ITOJIOCH
CHTrHasa, 00ecTieunBaeT YeTKYI0 HHUKALUIO THIIA IIepe1aun.

PUCYHOK 2

JxpaH VSA, Ha KOTOPOM 0TOOpa:kaeTcsi yHUKAJIbHas opMa cleKkTpa

SM.1600-02

Ecnu aiis monouTenbHOW HAeHTHU(UKAIMKH HeoOxoauma Oojiee moapoOHas MH(OpMALUsS O CHUTHAE,
MOTPeOyeTCs UCCIICI0OBAHNE BHYTPEHHUX ITApaMETPOB CUTHAJIA.

2 OueHka BHYyTPEHHUX MapaMeTPOB CUTHAJA

[locne oLeHKHM BHEMIHUX MapaMeTpoOB CHTHANA, KaK 3TO ONKCAHO B paszjiene 1, CIEIYOIIMM IIaroM
WACHTU(QHUKAIMY TM(PPOBOro CHUTHANA SBISETCS aHAU3 XapaKTepUCTUK BO BpPEMEHHOW o00nacTu
(umu BHYTpPEHHHUX) wHccieayeMoro curHana. st asroro morpedyercs VSA WM NMPHEMHHK KOHTPOJS
(nm mpEeMIIeMBIH aHATU3aTOP CHEKTPa), CIIOCOOHBII BRIMONHATH 3anuch 1/Q. K BHyTpeHHUM mapamerpam
CUTHaJIa OTHOCSITCS CIENYIOIINE:

- dopmar moaysiuu (To ecth QPSK, QAM, GMSK, FSK, PSK);

- CHUMBOJIbHasA CKOPOCTh; CUMBOJIBHYIO CKOPOCTb 4YaCTO Ha3bIBAIOT CKOPOCTHIO B 6OJIaX;
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3anuce 1/1Q

YCTaHOBUTH LECHTPAJIIBHYIO YaCTOTY. VSA wunn MPUCMHUK KOHTPOJISA OOJIKHBI OBITH HEHTPUPOBAHbI
10 4aCTOTE, HA KOTOpOﬁ, KaK U3B€CTHO, ITIOABUTCS CUT'HAJ,

YCTAHOBHUTH JHMAIa30H YacTOT 3alliCH. JMAlia30H 4YacTOT 3axBara JUIA 3alliCH JIOJDKEH OBITh
YCTaHOBJEH TaKWM, YTOOBI BKJIOYATh IOJHBIA CHTHAN, HO HE HACTOJBKO MIMPOKHM, YTOOBI
3aXBaThIBATh COCEIHUI KaHal. J[Jiss H3MEepEHHUS [IEHTPAIbHON YaCTOThI CUTHAJIA W [IIMPUHBI TIOJIOCHI
CHTHaJIa MOYKET UCIIONIL30BAThCsA DKpaH VSA Wiln MpUeMHUKA KOHTPOJIs. J{Hana3oHbl 4aCTOT 3aIlkCH,
UMEIOIINECs B COBPeMEHHBIX VSA ¥ NMpHEeMHHKAX KOHTPOJS, jexar B mpexenax ot 1 k[ o
160 MI'.

B ciy4ae y3KOMOIOCHBIX CHTHAIOB OTIEpaTop JOKEH UCTIONB30BATh COOTBETCTBYIONIYIO YCTAHOBKY ITMPHUHBI
rrostockl, B. [IpueMnemsie 3HadeHns B cocTaBisioT:

B =100 I'u — 4 xI'u (tuuprHa moaock! TeaerpadHbIX WK Teae(GOHHBIX CUTHAJIOB);

B = 15-45 xI'u (u3nyueHue co cpeHeit MUPUHOM MOJIOCHI).

C TeM 4TOObI yCTAHOBHUTH JMAMA30H YaCTOT AJIsl 3aIIMCH, HCIIOIb30BATh 3HAUCHHS THIIOBOM LIMPUHBI OJIOCHI
kaHana (B), kotopbie npezcTaBicHsl B Tabnuile 3, mioc npuemiemsrii 3anac (10-50%), gomyckas npu sTom
MOCTOOPabOTKY C aNropuTMamMu HUGPOBOH (PHUIBTPALINU U TIPEABAPUTEILHOTO (POPMHUPOBAHMSI CUTHAIIOB.

Jlyis 3amucedl CUTHAJIOB, MMEIOIIUX OO0Jiee IMUPOKYI TNojocy, TpeOyrorcs Oosiee ciokubie ALl wm
rdpossie ociutorpadpl ¢ MPOIECCOPAMU CHTHAIOB. PEKOMEHIyEeTCSl MCIOJb30BaTh CUCTEMY, B COCTaB
KOTOPOH BXOST CIIEAYIOIIHE KOMIOHCHTHI:

aHAJIOTOBBIN WM HU(PPOBOH MPUEMHHK C TOYHO PETYIUPYEMON IIEHTPAIEHON 9acTOTOH, IIMPOKIM
JMHAMUYECKUM JHAIa30HoM | peryaupyembiM ycunenuem (50-60 1b);

¢GuIBTPE, TMpeoOpa3oBaTeNd TPYIIOBHIX YacTOT, aHAIOTO-UM(POBEIE IPeoOpa3oBaTeNln H
YCTPOMCTBA 3aMKCH:

e  14-OMTOBBII WM BBIIIIE;
*  YacTOoTa JUCKPETH3AIUH BhIIIe 4 TUCKPETOB HA KAXKIBIH CUMBOJI C ITU(PPOBOM MOITYJISAIIUCH;

° FJ'IY6I/IH3. XpaHCHUSA obecrneynBaeT JJIATCIBHOCTh 3aIllMCAHHOI'O CHIrHajla B HECKOJBKO
MUJUIMCEKYH JII HIMPOKOIIOJIOCHBIX CUTHAJIOB W HECKOJBKO CCKYHJ 1A Y3KOIIOJOCHBIX
CHUT'HAJIOB.

BonbIMHCTBO MCTIONB3yEMBIX B CBSI3U COBPEMEHHBIX IU(POBBIX CUTHAJIOB HMEIOT IIMPUHY MOJIOCH CUTHAIA
MeHee 20 MI'1, XOTS 1 CyIIECTBYET P HCKJTIOYCHHIAZ.

2

Hanpumep, cranmaprel cssu st WLAN (802.11ac u 802.11ad) mis mpenHa3sHAYEHHBIX I MAJIBIX PacCTOSHHI
NIpUMEHEeHNH TpeOyIoT mupuHbI nojocs! oT 160 MI' no 6onee wem 2 I'Tw.
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TABJIMLIA 3

IIpumMep MIMPUHBI MOJIOCHI KAHAJIOB PACHPOCTPAHEHHBIX HM(PPOBHIX CUTHAIOB

Tun curLajion

IIupuna nojiocel KaHaja

GSM 200 kI

CDMA (1S-95) 1,25 MI'nn

CDMAZ2000 1,25 MTI'1 (cBsizsiBanme kananos pu 1XEX-DO Rev. B, C)
3GPP WCDMA 5 MI'n

3GPP TD-CDMA 5 MI'n

3GPP LTE 1,4; 3; 5; 10; 15; 20 MI'n

WIMAX IEEE 802.16xxX

3,5;5;7;8,75;10; 20 MI'g

TETRA

25 xI'; 50 T’ 100 kT 150 I

Tun curaanos HInpuna moJiocsl KaHada

WLAN u WIFI 22 MI'u (IEEE 802.11b)
20 MI'; (IEEE 802.11a,9)
20 MTI'; 40 MTI'n (IEEE 802.11n)
20 MTI'w; 40 MI'; 80 MI' (IEEE 802.11ac)
DECT 1,728 MI'y
ZigBee 5 MI'u
ATSC 6 MI'u
DVB-H 5;6;7; 8 MI'y
T-DMB 1,536 MI'ng

YCTaHOBHUTH UIMTENBHOCTDh 3alMCH: KakK MpaBWiIO, Uil omnpeAeieHus (opmara MOAYIALUH U
CHMBOJIBHOW CKOPOCTH CHTHajia MOTpedyercs HeOobluas [UIUTENBHOCTh 3amucu (MeHee O/HOM
cekyHbl). VSA ¥ IPHEMHUKH KOHTPOJISI UMEIOT MOCTOSHHYIO MaMsTh 3allMCH CHTHAJIOB, TIO3TOMY
npu 0oJiee NIMPOKOM JTHara3oHe cOopa MamsITh 3axBara 3allOJHUTCS B TEUCHHE MEHBIIIETO BPEMEHU
[0 CPaBHEHHIO C 3aXBAaTOM Y3KOIOJOCHBIX CHUTHAIOB. IIpy HE0OXOAMMOCTH MOJIB30BATENb MOXKET
HaOJIrOIaTh AUTENBHOCTh cUrHana Ha VSA ans obecriedeHus HaUIexKallel JUIMTeTbHOCTH 3aIicH
Y ONITUMAJIBHOTO MCIIOJIb30BAaHUS MaMATH 3aXBaTa.

3HaueHUs JUIMTENBHOCTH CHUTHAJla MOTYT HaOMofaThcs IYTEM HCIOJIB30BaHMS WHAWKATOpA
CHEKTPOrpaMMBbl WM KacKaJHOW AuarpaMMbl. Takoi THUI CIEKTpaJbHOrO MHIMKATOpa 0TOOpaxaer
Ha OJJHOM JKpaHe XapaKTePHCTUKH 4YaCTOThI, MOLIHOCTH M BPeMeHHU (CM. pUCYHKH 3 U 4, HUKE).
MoIHOCTE CUTHaNA MPEJICTABISAETCS U3MEHEHHEM IBETA WM IIKAJIOH ceporo, Kak MOKa3aHO Ha
[[BETOBOM TOJOCE B JIEBOW YacTh 3kpaHa. C TeUeHHWEeM BpPEMEHH MPOUCXOIUT IepeMelleHUe
n300pakeHNWsT Ha OJKpaHE CHH3Y BBEPX MW IO/ CHEKTPOTPaMMON TPEACTABISIETCA TEKyllee
n300paXeHUE CIIEKTPA.
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PUCVYHOK 3

CnekTporpamMma aucKpeTa ¢ 0To0pakeHueM crieKTpa
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SM.1600-03

Jiist coznanusi Npe/icTaBleHHsT BPEMEHHOTO CIIEKTPa MOXET HCIOJIb30BAThCsl MPOrpaMMHOE oOecrieueHne
BEKTOPHOTO aHajK3a CHTHaja, YTO TIOMOXKET PEeryJsTOPHOMY OpraHy HOHSTh CHTHAaJbHYIO OOCTaHOBKY Ha
MHTEPECYIOIIEH YacTOTe W ONPEACIUTh HA/UICKAIIYI0 YCTAHOBKY JUTMTEIBHOCTH TPH BBHIITOJHEHUN 3AIHCH
I/Q. dns obecnieuenust 3pPEeKTUBHOTO aHATM3a BHYTPEHHHX IapaMETPOB CUTHAja CIlelyeT HCIOJIb30BaTh
COOTBETCTBYIOIIME METObI PAa3IeJICHUs] CUTHAJIOB HA COBIAIAIOIICH YacToTe.

PUCYHOK 4

Jluarpamma BpeMeHHOr0 CIeKTPa (YacTOoTa/aMILIUTYAA MO OcH Y M BpeMs 1o ocH X)

[TpencraBnenue §
BPEMEHHOI'0 CIIEKTpa

i

. |

; |
i

|

|

S ¥

IIpencraBnenne [
BPECMCHU

CHUT'HaJI

SM.1600-04
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- Tpurrep 3amucu: €ciiu CUTHAJI UMEET Mallblii KO3 (UITUCHT 3alOIHSHUS, TO JUI UHUITUHUPOBAHHUS
3aIllMCU MOXKET UCIoyb3oBaThesl BennunHa [TY. Benuunna [TH B kadecTBe Tpurrepa 3amnmcu — 3TO
tunoBass GyHkius VSA u npueMHHKOB KOHTpons. OHa JaeT MOJb30BATENsIM BO3MOXKHOCTh
ONpEACIUTh YPOBEHb NPUHUMACMOMN NpPEIBAPUTENBHO JCTCKTHUPOBAHHOW MomHOCcTH PY, mpm
KoTopoM OyneT HauyaTa 3ammch. I[IpaBmipHas ycTaHOBKa MEXaHHM3Ma 3aIlyCka HWMeEeT BajKHOE
3HaueHHWe M TpeOyeT OIpeneseHHbIX 3HaHWKA 00 ypOBHE CHTHaja M XapakTepe IIyMa Ha
WHTEPECYIOIIEH 4acTOTe. Y CTaHOBKA YPOBHS TPUITEPa CIMIIKOM HU3KUM MOXKET MPUBECTH K TOMY,
YTO 3alKMCh OYJCT HAYMHATHCS IMPH IIYMOBOM BBIOpOCE, MPOW3OIIEIIIEM B IMpeaeiax Juana3oHa
YaCcTOT 3aIlMCH. Y CTAaHOBKA YPOBHSI TPUTTEPA CIUIIKOM BBHICOKHM TPUBEAET K MPOMYCKY MOJIE3HOTO
curHana. Ecnmm HaOmiogaeMplii CHTHAN SBISETCS WMITyJBCHBIM WM HMEET OYeHb Malyro
JUTHTEIBHOCTh, CIEAyeT HCIoib30BaTh NamiaTh ALl wmiau mamsare 3amepkku s 3¢ (HEKTUBHOTO
3aIycKa 3alicy J0 BPeMEHW CpadaThIBaHMs TPHUITEpa W 3aBEPIIEHUS 3alFCH T0Ce OcIabiIeHUs
CUTHaJIa WJIH 110 NCTEYCHNHN HaIJIeKAIIer0 BPEMEeHH 3aITHCH.

- [IpoBeputh GopMy 3aMCaHHOTO CHTHANA. TporpaMMHOe obecrieueHne VSA maer moip30BaTeNto
BO3MOYKHOCTH HEMEIUIEHHOTO IIPOCMOTpPA 3allMCAHHOTO CHTHAlla, C TeM 4YTOOBI YOCIHMThCA B
IMPaBUJIBHOCTU HUCIIOJIb30BAHHBIX HCHTpaHLHOf/'I YacCcTOThI, JUalria3oHa 4aCToT 3aIllMCH, JJIUTCIbHOCTH
Y BpeMeHHU cpabaThIBaHUS TpUTTEpa.

b) Knaccugpurayus cuenana ¢ nomowpio npoepammuo2o obecnederusi pacno3Ha8aHust MOOYIsAyuY

IMocne ycnenrHoro ocymiecTBiacHus 3amuck 1/Q monb3oBatesib MOKET "BOCIPOU3BECTH" CUTHAT C TIOMOIIBIO
psiia MPHUKIAAHBIX MPOrpamMM, C TeM 4TOOBI HMPOBECTH Oosee IITyOOKHI aHaIu3 BHYTPEHHUX HapaMeTpOB
curHana. VSA ¥ NPUEMHUKH KOHTPOJS Pa3HBIX MPOM3BOAUTENICH BBIMOIHIIOT 3alMCh HEOOPaOOTaHHBIX
nauHbix 1/Q, Wcnonb3yst cOOCTBEHHBIC MPONPHETAPHBIC 3ar0JIOBKH, COICPIKAIINE TaKylo HH()OPMAIIHIO O
CHUrHaJle, KaK LieHTpajlbHasl 4acToTa, JUaNa30H YacTOT 3allMCH, YacTOTa AUCKPETU3ALNY, 1aTa U BPeMs U T. [I.
CTpyKkTypa JaHHBIX OOBIYHO MyONHMKYeTCS B TEXHHYECKHUX PYKOBOJCTBAX M MOKET HCIOJIB30BATBHCS LIS
YCTaHOBOK I/IILCHTI/I(bI/IKaHI/II/I CUrHajia ujiu rmporpaMmmMHOro obecrieyeHust pacrio3HaBaHus MOAYJISANHA.

J1is1 BBITIOJIHEHHSI YCIIEITHOTO U3MEPEHUS B LENSIX KiacCu(UKAIMA MOAYJISAIUK JOJDKHBI OBITH BBITOJHEHBI
YCTaHOBKHU IPOTPAMMHOI0 o0ecreueHus I Hajjiexariei oopadboTku 3amucu. Kak npaBuio, HEOOXO0IUMBI
CIIEAYIONINE HACTPOWKH POTPaMMHOTO 00ECTICUSHHSI:

— LIEHTpaJIbHAasl YacTOTa;

— 4acTOTa JIUCKPETU3AIMY U NIUPHHA TIOJIOCH! CHTHAJIA;
- (GubTparys o coceHeMy KaHay;

— 00HApYyKEHHE MMAaYKHU UMITYJIbCOB;

- pa3mep OJIOKa: 3TOT mapameTp OMpeeNsieT, Kakoi 00bem naHHbIX 1/Q OyaeT aHaIM3UpOBaTHCS IS
omnpeaesenus Moy sinuu. Hanpumep, eciu guckpets 1/Q cocrapisiror 16 k6aiiToB, a pasmep 6i10ka
YCTaHOBJICH paBHBIM 2 KOaifTam, TO mporpaMMHOe oOecriedeHre paclio3HaBaHUsl MOIYJISIIIAN OyAeT
OLICHUBATh THUI MOJYJISIIMUA ¥ CHMBOJIBHYIO CKOPOCTh 8 (BOCEMb) pa3 Ha MPOTSHKEHUH POXOXKICHUSI
¢aitna. Ecnmu curHan mpucyTCTBYeT TONBKO B Majioi yacTu Qaiiia, BO3MOXKHO, UTO IOJIE3HAS
uHpOpMaIus OyIeT COAEPIKATHCS TOIBKO B OJHOM WIIM JIByX U3MEPEHUSIX.

Ha pucyske 5 noka3aHo BOCIIPOHM3BEICHNE BHITIOIHEHHO# 3armcu I/Q npHKiIaHoi MporpaMMoii pacrio3HaBaHuUsI
MOJIYJISIMK, KOTOpasi onpeaeisieT HenuHelHylo monymsuuio FSK. Pasmep ucnosnb3yeMoro aisi KaxIoro
u3Mepenust 01o0ka cocrariseT 4 K (unmu 4096), a B 3amucu [/Q (kak BHIHO B JIEBON HIDKHEHW 4acTH OKHA)
conepkutcs 114 Gnoka. Mcmonb30Banachk NaMsTh 3aAePXKKH, IS TOTO 4TOObI 3allMCh HAYalach JI0 3alycka
curHajia. B pesynbrare neppbie 61 nsMepenne ObU Ki1acCU(UIMPOBAHbBI JIUOO KakK MIyM, JIMOO KaK YucTas
Hecymas. [Iporecc OblT MPUOCTAHOBIEH MPH IIEPBOM IOSIBIICHUH CUTHaJIa U ObUI KiaccupuuupoBa kak FSK
Ha ckopoctu 1600 601, Kak MOKa3aHO HAa PHCYHKE.
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PUCYHOK 5

ITpumep paGoThI NPOrpaMMHOI0 00ecrneyeHUsl PACIO3HABAHUS MOAYJISILUI

) = [oix]

1
i |

ane My PEVWH Mafulation Recognilies Fils Plaphac

H 1

SM.1600-05

[Tocne obpabGotku Oombielt wactu 3anucd |/Q wmcio monmydeHHBIX B pesyibrate uamepenuit FSK ¢
CUMBOJIbHOM ckopocThio 1600 BBIPOCIO H  COCTaBWJIO 3HAYMTEIBHYIO MPOLEHTHYIO JIOJII0. OTO
HO/TBEPKIACTCS THCTOrPAMMOi Pe3yJIbTaTOB OMPEACICHUS MOAYIISAMU (KPAcHbIH CTONOUK), MOKa3aHHOW B
BepXHeH NpaBoil yacTu okHa. Takxke BUIHO, 9TO Obu 00padoransr 102 Gioka 3amuc.

B xoniie o6pabotku Bce 114 610K0B JTaHHBIX OBUTH 00pa0OTaHBI M CUTHAJ 0OJIee HE BUAMM B OKHE JKpaHa.
Pe3ynbTaToM M3MepeHHs CHOBA CTAHOBUTCS IYM, HO MMEETCS JOCTATOYHO WH(OPMAIHH, YTOOBI CIENaTh
BeIBOI: curHan ¢ FSK, 1600 6ox ¢ neenarueii B 4,821 k't u SNR mopsinka 11 nb. B atom daiine 3a onun pas
oOpabateiBajics OAMH OJIOK, W IOMIAroBO€ JBIKCHUE MO 3allMCH BBINIOJIHAJIOCH BPY4YHYHO. Takoil MeToj
o0ecrneurnBaeT MaKCUMaJIbHBIA KOHTPOJIb HaJl IPOIIECCOM aHajIu3a.

Ha pucynke 6 mpuBenmeH npyroii mpumep oOpabOTKH ISl OICHKH TMapaMeTpoB MOAYJSIIMHA B JUHEHHO
MoayaupoBanHoM curHaie (16-QAM). Drta 06paboTKa MOKa3hIBAET CIIEKTP CTATHCTHYESCKUX MOMEHTOB M
HeJIMHeWHoe peodpa3oBaHNe CUTHAIA B BEPXHEH JEBON YacTH dKpaHa, a TaK)Ke CIIEKTPAIBbHYIO IIIOTHOCTh
MOIIIHOCTH B HIDKHEH TPaBOil 4acTW dKpaHa. DTOT THIl MPOTPAMMHOTO OoOecriedeHUs] BeChMa TOJIe3eH IS
onpeeeHNs] BHYyTPEHHUX MMapaMeTPOB CUTHANA U CIIYXKUT XOPOLIUM Ha4yajaoM IEMOAYJISIUU HapaMeTpOB.
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PUCYHOK 6

IIpumep 00paboTky cUrHaNa 1/ OLEHKH NAPAMETPOB MOAYJISIMHA

CHeKTp CTaTuCTUYEeCKUX MOMEHTOB CnexrpanbHas
U HeJIMHEHHOoe MpeoOpazoBaHue IIJIOTHOCTH
CHUI'HaIa MOITHOCTH

¥ lnimege fulele |l e 311 T8 b Jelstess 7 |

[
J={

[1a3KoBas Crarucruka u OToOpaskeHue KpyroBoii
J re
Sarpavivia FMCTOTPAaMMa  THATPAMMBI AMIUTHTYTHO-
cHrHasa (a3oBoii XapaKTepUCTUKY
SM.1600-06

IMPUMEYAHUE. — He umeeT OTHOIIEHHSI K TEKCTY Ha PYCCKOM SI3BIKE (MpUM. Nepegooyuxa.).
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Ha pucyHke 7 moka3aHsl alrOpUTMbI CTATHCTHYECKOTO OLICHUBAHUSI, IIPUMEHSEMBIC K IIU(PPOBBIM CUTHAJIAM C
omHOW Hecyme#, takum kak PMR, GSM u UMTS, koTOpble MOTYT HWCIOJNB30BaThCs I WU3MEPEHHUS
BHYTPEHHHX [TapaMeTPOB CHTHAJIA.

PUCYHOK 7

Hcnosb30BaHne CTATHCTHYECKUX AJIFTOPUTMOB OLICHUBAHUSA I aHAJIM3a NTapaMeTpoOB MOAYJISALINU

GMSK

Ind. 0,5
SNR 20 n1b
"PMR-nogo6Hbrii"

AA

Hsmepenne OueHxka o CuHXpoHM3aLHs
MOIIHOCTH o LICHKa CKOpOCTI/I nepe):[alm
X U IeMOJTYJISI LIS
Haszunauenne ¥ LIHPHHBL LICHTpaJIbHON CHMBOIOB JIEMOTYJIAL]
MOJNOCHI 4aCTOThI CHMBOJIOB
i o -
CrarucTraeckuit * el iaskosas "
AJTOPUTM Criext
TICKT g 3 g
OLEHUBAHUS p ?HCKTP ?HeKTp E:HCKTP AuarpaMma I'mazkoBast
= 1-it MOMCHT 2—I/I MOMCHT 2—1/[ MOMCHT u I'I/IC'I‘OI‘paMMa
— JarpamMmma
T — IInotHocTH 2-ro mopsiaKa 2-ro mopsiaKa 4-ro nopsiaka 1 KDYTOBas
mowsocTH E(XP) E(XP) E(X) Q. e
Hpumep aMILINTY/a- AuarpamMma
CUrHaJIa (aza-yactora
FSK2 ‘ ik
Ind. 1
SNR 20 nb
"PMR-momo6HbIi" s
—

-g -

0-QPSK
Cman 0,25
SNR 20 nb
"CDMA 2 000
UL-niogo6ubi"

QPSK
Crap 0,25
SNR 20 nb

"UMTS-
TO00HSBI"

—
Sl
~.~-'

L -

T —
e

SM.1600-07

B Tabnurie 4 mpencTaBiIeHO IOTMOJHUTEIBHOE PYKOBOJCTBO IO METOAAM IS W3BJICUEHUS BHYTPEHHHX
IapaMeTpOB CHTHaJa C UCIOJIB30BAHIEM MAaTEeMATHUECKIX OIEPAIIHid, B CIIy9ae €ClId CEPUHHO BBIITYyCKaeMOe
MporpaMMHOe OOECIieUeHHe aHalli3a CUTHAJIOB HEJOCTYITHO WMIJIM HENPHUTOMHO s  00paboTKh
paccMaTpuBaeMOro CUTHaja.
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TABJIULIA 4

Py‘lﬂble METOAbI U3BJICYCHHUSA BHYTPCHHHUX MAapaMETPOB CUIrHAJIa

15

IMoanexamue HU3MEPEHUI0

HHcTpyMeHTHI aHATN3A

Tun mopynsiunu

Tun pagnocpennt

napameTpbl
CnexTp MrHOBEHHOH aMILTUTYIbI, Aj PSK (¢bunbrpoBanHas iy He(hHIbTPOBAHHAS) Cpennee unu Beicokoe SNR
Hedunstpoannas CPM wm mocie xecTkoi
(unpTpanun
QAM (¢dunbTpoBanHas uiau HeGUILTPOBAHHAS)
CriekTp MrHOBEHHOI 4acToThl, Fj B cTermmenn N FSK (uedunbprpoBanHast) Tonpko nneanpHas: Beicokoe SNR.
(N =2 (2FSK), 4 (4FSK)) OTCcyTCTBHE MHOTOJIY4E€BOTO
pacrpocTpaHeHus
CriexTp nepexosa uepes HyJlb 110 MTHOBEHHOU FSK (¢punpTpoBanHas win He(HIbTPOBAHHAS) Tonpko naeansHas: Beicokoe SNR.
gacTore, Fj PSK, QAM, MSK OTCyTCTBHE MHOTOIYYEBOTO
Moty stst — pacIpocTpaHeHus

CKOPOCTh ACHHXPOHHOM M
CHHXPOHHOM MOTYJISIIHN
(cuMBOJIBHASI CKOPOCTH)

CHeKTp CUTHAJIBHOTO MOAYJISL B CTEIICHU
N (= 2 wu 4 wiu ...) mocie KecTKON QUIbTpaIu
IO 4acToTe

PSK, QAM (¢punbrpoBanHas uiu
He(DUITBTPOBAHHAST)
FSK (¢punbTpoBanHas win He(HUIbTPOBAHHAS)

ITonoxxurensHoe SNR

Crnekrp curnaia B creriean N (N = 1/h)

CPM (dbwunpTpoBanHas WK He(HUIETPOBAHHAS)

ITonoxurensanoe SNR

CHCKTp curHazia B creneHu N

n/2DBPSK, n/4DQPSK, SQPSK

ITonoxxurensHoe SNR

ABTOKOppeJ'IH].[I/IH 1 HUKJINYECKas aBTOKOPPEIIALNA

OFDM, SC-FDMA, SC-FDE

JIro6oit

CrieKkTpaiIbHbII KOPPENAIUOHHBIN aHAIN3

PSK, QAM, ASK, SQPSK, pi/2DBPSK,
pi/ADQPSK

JIro6oii

CnexTp BelBIieT-nipeoOpa3oBanms Xaapa

FSK

JIr000ii, 0cOOEHHO KOMITJICKCHBIE
KaHAJIbI ¢ MHOTOJTY4EBBIM
pacmnpoCcTpaHCHUEM
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TABJINIIA 4 (oxonuanue)

Moauexxkamme u3MepeHHI0
napaMeTpbl

HNHcTpyMeHTHI aHAIU3A

Tun Moayassuumn

Tun paguocpensl

Yucno cocTossHU
(Tun MomynsMN)

JuarpaMma co3Be3UsI MIIM BEKTOPHAS TUarpamMma,

CBsA3aHHasd CO CJICHIBIM BbIpaBHUBAHUEM (TO CCTh

AJITOPUTM CJICTIOTO BbIpaBHUBAHUA [JIsI CUTHAJIOB C

nocrosinaol ammutynoi (CMA), Benesucte
T'ypcar)

Jlrobast nuHeitHas MOIYISANNS ¥ B OCHOBHOM
PSK, QAM, ASK

Cpennee mwim Beicokoe SNR
Kanamsl co clIoKHBIM

MHOTOJIy9€BBIM PaclpOCTPAHEHUEM

Cnexrp B creniern N (N = 2, SQPSK u ©/2DBPSK;

N = 4, n/4 DQPSK)

SQPSK, /2 DBPSK, n/4 DQPSK,

ITonoxxurensaHoe SNR

CHCKTpaJ'II)HaSI IIJIOTHOCTHh MOIITHOCTH C BBICOKHUM

paspelieHueM

OFDM, COFDM, MyIbTHITIIEKCUPOBaHUE

Cpennee uin Beicokoe SNR

FI/ICTOI"paMMa MT'HOBECHHOM 4aCTOThI, F|

FSK

Cpennee ninn Beicokoe SNR

Uucno noaHeCcyuX WIn
TOHAJIBHBIX CHTHAJIOB

CHCKTpaJ'II)HaSI IIJIOTHOCTHh MOITHOCTH

JIrobas mogyssuus

Cpennee uiu Beicokoe SNR

FI/ICTOI"paMMa MT'HOBECHHOM 4aCTOThI, F|

FSK

Cpennee ninn Beicokoe SNR

CI/IHXpOHI/ISaHI/IH CHMBOJIOB

I'nazkoBas quarpamma 1/Q, Aj Fj @j u BexTopHas

Jmarpamma

PSK u QAM (¢dunbrpoBanHas uimu
HEPUIBTPOBAHHAS )

Cpennee unu Beicokoe SNR

I'maskoBas muarpamma Aj Fj @j 1 oToOpakeHne
THECTOrPaMMBbI 9acTOThI, Fj

FSK (dunsrpoBanHas wiu HeuIbTpOBaHHAS)

Cpennee unu Beicokoe SNR

JuarpaMma co3Be3usl, 0TOOpaskeHHe
THCTOIpaMMBI 4acTOTHI, Fj, u ¢da3sl, Oj

CPM (dbwusnpTpoBanHas Wi He(UIETPOBAHHAS)

Cpennee unu Beicokoe SNR

Iuknudeckast aBTOKOPPEISILIMS

OFDM, SC-FDMA, SC-FDE

JIro6oii

KpOCC-KOppCJ'[S[HI/ISI C U3BCCTHBIMU CUT'HaJIaMH

TDMA, CDMA
Heckonsko OFDM u SC-FDMA u SC-FDE

JIro6oit
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OTH METOABl JIOJDKHBI OBITH CBS3aHBI C HAIUICKAIIMM IPEJCTABICHUEM CHUTHAJA TIOCIE Pa3IUYHBIX
peoOpa3oBaHuii, KOTOPHIM OH TIOJIBEPTANICS MTPH W3BJICYCHNHN M MMPOBEPKE XaPAKTEPHUCTHK CUTHAIA.

c) Hcnonvzosanue wabionoe cueHanos 6 npocpammuom obecneuenuu VSA

[[Tabmon curHama — 3TO TepedeHb WM HaOOp WM3MEpEeHHH, KOTOPHIE CIEAyeT MpOBeCTH (KakK, HAIpuMep,
OIMMCAHHBIC B MPEABLAYIIEM pa3jelie), ¢ YKa3aHHeM OXKHUIAEMBIX PEe3yJbTaTOB I KOHKPETHOTO CHUTHAIA.
[IpumeHeHue madIoHa CUTHAJIA COCTABIISET €IIe OJMH CIIOC00 YCKOPESHHMS MPollecca ACHTU(DUKAIINN.

[MporpammMHuoe obecrnieuenre VSA ucmonb3yeT madioH s BRITOTHEHUsT HAa00pa U3MEPEHHH H 0TOOpaKkaeT
OKUJIaeMBIC PE3yJIbTaThl HA MOMYYEHHBIX rpadukax. DTH rpad)iKu MOTYT MCIIOJIb30BAThLCS AJI1 COOTHECCHUS
OKUJAEMBIX Pe3yJbTaTOB C (PaKTUYCCKHMH Pe3yJbTaTaMy W3MEPEHHI Ui BRIOpaHHOTO (hopMara CUrHaia.
Ecnmu pe3ynbraThl M3MEpEHUIl COMOCTABUMBI, MOXET OBITh OOBSBICHO COOTBETCTBHE. ECIM pe3yibTaThl
HECOIOCTAaBUMBI, MOKET OBITH PUMEHEH WHOW THIT CUTHAJIA U3 OHOIHOTEKH.

WnmrocTpanueii 3Toro ciykut cienyrommuii npumep (Ha ocHoBanuu cuctrembl GSM B Paiione 2). B cuenapuu
3TOrO TpHMepa CHTHAT HAXOAUTCS B IIOJIOCE JIMHUHM COTOBOHM CBS3M OT 0a30BOH CTAaHIMH K MOOHIHLHOMY
yCTpoUcTBY (JIuHUS BHU3) HA acToTe 879,6 MI'11, iens 3akimoyaeTcs B IpOBEPKE TOTO, UTO 3TO — curHain GSM
¢ mmmpuHoi rostockl curaaia 200 k', Micnons3yst cpenctsa ynpasieHus VSA, orepatop BEIOUPAET U3 CIIUCKA
mabnoHoB B Oubnmoreke Tum curHana "GSM". Dkpansl VSA aBTOMaTHdecku KOH(DUTYPUPYIOTCS IS
aHanm3a GSM 1 moMedeHHBIMH MapKepaMy yKa3bIBAIOTCS OKHaeMble 3HaUeHHsI aHamn3a s curHaina GSM,
a MMEHHO: CUMBOJIbHasi ckopocTh 270,833 KCUMBOJIOB B CeKyHAY M JUIMTENBHOCTh Kaapa 577 MKC, Kak
nmoka3zaHo Ha pucyHke 7A. J{7st O0bIeit HarIsIJTHOCTH 0’KUAAEMBIX XapaKTEPUCTHK MMPUMEHSIETCS yCpeTHEHHE
10 BPEMEHH.

PUCYHOK 7A
Kondurypauus VSA nasa ananuza GSM
=

Signal Playback

lebas

Resolution
Bandwidth [37:85 | t2)
Correlation

Time |0:040 = | (ms)

Averaging
e j0:2 &)

Filters [/]

Center -
Frequency 0 = b2
Bandwidth [400000 (Ha)

Signal Analyzer Types
Available Types
(asm (oM -]

180 Data Native Type

USE (S5B)

LSB (55B)

18

VsB

ASK

FSK

PSK

QPSK
MsK

5 CW
QAM
BPSK

EMRaA

SM.160007Bis-A

IMocine HaxkaTust Ha Ki1aBuiny Play npoucxoaut oTroOpaykeHne pe3yibTaToB M3MEPEHHUs CUTHAJA, KaK OKa3aHO
Ha pucyHke /B.
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PUCYHOK 7B
PesyabTaTel anannsa junud Buu3 GSM
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Baugrote 20063

SM160007Bis-B

Jis GSM Hanbomnee 3HAUMMBIMU SBISIFOTCSI TPH CIEIYIOMINX OKHA TPapUKOB.

- I'paduk crekTpa KBaapaTtHuHo#l Benmuuubl (Spectrum Mag X2): stot rpaduk (yBeTHYCHHBIA B
HHTEPECYIONIEM JHana3oHe 9acToT) mnpescrasisier coboit BII® Bpemennbix cepuii 1/Q B xBampate
(cm. Taroke "CriekTp: 2-if MOMEHT 2-T0 mopsiika" Ha pucyHke 7). B ciekTpe KBapaTuuHON BETHYMHBI
UMeeTCs MK, CMelIeHHbIH Ha npuMepHo 270 kI'1, KOTOPBI COOTBETCTBYET CUMBOJIEHOW CKOPOCTH
GSM, pasnotii 270,833 KCHMBOJIOB B CEKYHITY.

- OThunbTpoBaHHAS AMIUTUTYAA: STOT TpapUK MOKa3bIBACT OTPUIHTPOBAHHYIO JOrapu(hMUUYCCKYIO
BEJIMYMHY aMIUTHTY/Ibl CUTHAJIA KaK (YHKITHIO BPEMEHH, TJI€ CUTHAI OTKIIOHSETCS MPUMEPHO KaXK/Ible
600 MHKpOCEKYH]T Ha KOPOTKHH MPOMEKYTOK BPEMEHH. DTO COOTBETCTBYET BPEMEHHOMY CIIOTY
GSM, paBHomy 577 wMukpocekyHa. bomee dYerko 3TO OymeT YCTaHOBIEHO Ha Tpaduke
ABTOKOPPEIISIHH.

— ABTOKOppensiius: TpaduK aBTOKOPPENSAIMU (TOXKE YBEIUYCHHBIH) HCIONB3YeTCs IS MOUCKA
LUKJIAYHOCTH. JIJIsl JTaHHOTO CUTHAJIA IPUMEPHO Kaxble 577 MUKPOCEKYH]I BOSHUKAET PE3KUH ITHK.
CyIecTBYIOT TaKKe MOCIEAYIONINE NMUKH, KpaTHbIE JAHHOM BEMYHMHE, KOTOPBIE XapaKTEPHBI JUIS
YaCTOTHI ciieoBaHus KaapoB GSM.

B cnydae ecnu o0a rpaduxa — Spectrum MagX2 u aBTOKOPpENSIMK — MOKA3bIBAIOT IUKUA B 0XKHUIACMbIX
3HAYCHUAX, XaPAKTEPUCTUKU CUTHAJIA COOTBETCTBYIOT XapakTteprucTikam GSM.

Mmuorue wHCTpyMeHTH VSA o0ecnednBaroT CIocoObl 3arpy3Kd MIA0JIOHOB CTaHJAPTHBIX CUTHAJIOB, YTO
ONITUMH3HUPYET YCTAHOBKH M 3KPaHbI 11l KOHKPETHOTO THITA cCUrHaa. Kpome Toro, 3TH yCTaHOBKH ITO3BOJISIOT
HACTpaWBaTh MapaMmeTpbl JUIsi HeCTaHJAPTHHIX (OPMATOB M COXPAHSATh MX C HOBBIM HMMeHeM (aina ams
nocyeayromen 3arpy3ku. Macrpymentsl VSA 4acTo MO3BOJISIOT CO3/1aBaTh IMOJIB30BATENLCKHE Tpaduku u
9KpaHbl HA OCHOBE MaTeMaTHYeCKNX (PYHKIHI, TAKUX KaK MPpUBEACHHbIE B Tabnumax 4 u 7.

Hpyrotii BapuanT ananu3a GSM ¢ npenBapuTtensHON KoHPHUTYypalueii moka3zaH Ha pucyHke 7C. B atom cirydae
3anmck 1/Q 6buta mpumepHo 4 MI'n mmpuHOiA U ObuTa cenana B mojgoce GSM 0T MOOHIIBHOTO YCTpOICTBa K
0a30Boii cTaHUMHM (JIMHUA BBEpPX), IO3TOMY IPHCYTCTBOBAJIM HECKOJBKO KaHaioB. Kaxaplil ycmemHo
JIEMOJTyJTUPOBAHHBIA B ATOH IMOJIOCE CHTHAN, KaK IOKa3aHo Ha rpadukax dKpaHa TPyIIbl, XapaKTepru3yercs
HU3KUM TMPOIEHTHBIM 3HaueHneM EVM 1 noaxosiei JuTeTbHOCTEI0 BPEMEHHOTO CII0Ta. DTOT SKpaH ObLI
Co3/laH MyTeM 3arpy3ku W BocmpousBeneHus ¢aitna 1/Q B mrabmone GSM. He mnorpeboBanioch
JIOTIOJTHATENILHOTO KOH(PUTYpUPOBaHHUS, IICHTPUPOBaHHS WK BbIOOpa. OHAKO OONBITMHCTBO HHCTPYMEHTOB
VSA TM03BOJSIOT OCYHIECTBISATh I[IEHTPUPOBAHWE U TOBTOPHYIO auckperm3aimio |1/Q, ¢ Tem uTOOBI
W30JIMPOBATh OJMH CUTHAJ JUIS aHAIIU3A.
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PUCYHOK 7C
PesyabTaThl anann3a Junnu BBepx GSM
File Edit Control Source Input MeasSetup TIrace Markers Window Utilities Help o

FCMEEEE . ] M| 20% 0% UserDefined - -

_B‘(hl Spectrum - X _A‘ Chl MSKL Meas Time REE C: Chl MSKI Err Vect Time - X
5w r

Fing 10 dBm_3. 2 He
Digital Demod Properties

at | Filter | Search | Compensate [ Advanced | Custon APSK

| Preset to Standard...

Format:

| MSK Type 1

B | symool Rate:
2708333333333 kHz
Rng 10 dBm
Points / Symbol:

5

Result Length:
48 Symbols

Recall State Definitions.

i | () view state Definitions

SM.160007Bis-C

B paznene 6 nacrosmeii Pekomennaimu (Kpatkue BbIBO/IBI) MPHUBEACH MEPEYCHb CTAHAAPTHBIX IIA0IOHOB
VSA ans dhopmaToB MOAYISIUH, aHAIOTOBBIX W HUPPOBBIX cTaHmapToB cesiu. lllabmon curnama VSA
OIpeZieNseT COOTBETCTBYIOIEE MpeABapUTEIbHOE (UIBTPOBAHHE U yCPEJHEHHE NAHHBIX, PacIpee/ICHUe
THUIIOB I'Pa(UKOB M0 KaKAOMY OKHY OTOOPaXEHUS U YCTAHOBKY MapKepOB JUISl 3THX OKOH B LIENAX YKa3aHUS
OKU/IaMBIX TTMKOB U CBOIMCTB CHTHaJIa. DTOT METO/ 00EeCTIEeUHBaET ISl OTepaTopa JErKo BOCIIPON3BOIUMBIT
W UHTEPIPETUPYEMBIN CIIOCOO BBIMOTHEHUS NICHTU(UKAIIMNA CUTHAJIOB.

3 HcnoJsib30Banue NporpaMMHOro odecnedeHus aHAJIN3a CUTHAJIA IS 00Js1ee ri1y00KOH OLleHKH

ITepBbic qBa 1mara Mo3BOJIIOT ONMPEACTUTH 0a30BbIC XaPAKTEPUCTUKH UCCIIEAYEMOTI0 CHIHAJIA!
- [IEHTpaJIbHasl YacTOTa;

- [IMPHUHA TTOJIOCHI CUTHAA,

- OTHOIIIEHHUE CUTHAJI-IIIYM;

- IUTUTENIBHOCTD,

— (dhopMaT MOAYIISIIINY;

- CHMBOJIbHASI CKOPOCTb.

Kak mpaBuio, 3Toif nHGOPMAIIUK TOCTATOYHO YIS MOJOKHUTEILHONW WACHTH()UKAIIUKM THUTIA CUTHANA ITyTEeM
COBIIQ/ICHUS C OITyOJIMKOBAaHHBIMU TaONHIIAMH pacTpe/ieNIeHUs] YaCTOT M TEXHUYSCKUMH CIeIUPUKAIUIMA
CHCTEM CBSI3M, KOTOpblEe HCIONB3YIOTCS B uccienyemoid cdepe. Ecmu T1peOyrorcs maibHeinune
MOJATBEPXKACHNUS XapaKTEPUCTHK HCCIIEyeMOro CHIHaja, MOXKET MOHaIOOWTHCS ACTAIbHBIA aHAINU3 WU
JIEKOIMPOBAaHNE CUTHAIIA.

ITporpamMmMHoOe obecrieueHre BEKTOPHOTO aHAIM3a CUTHAA JICKOJUPYET CXEMbI OOJBIIIMHCTBA COBPEMEHHBIX
UGPOBBIX (HOPMATOB CBSI3H. DTH AITOPUTMBI IEMOIYJISAIUN U JCKOIUPOBAHUS HE BBIMOJIHSIIOT 00paboTKy
3anucu 1/Q 0OpaTHO K HCXOIHOMY COIEPKHMOMY, a CKOPEe M3MEPSIOT Ka4eCTBO CHrHaja M0 CPAaBHEHHIO C
HAeaIbHOM MOMAETBI0. DTO 00ECIIeYnBaET AOMOIHUTEIBHOE MOATBEPIKICHNE TPABMIbHON HACHTH(DUKAIINN
samucu 1/Q.

B cnyuyae ecnm HeoOxoauMa IOJMOXKHUTENbHAS HACHTH(HKALUS KOHKPETHOM mepenaud, MOTPeOyroTCs
MPUKJIAJHBIE IPOTPaMMBbl IEKOJMPOBAHMS CUTHAJIA WM METO/bl BHYTPEHHEH, aBTO- UM KPOCC-KOPPEIIALIHH.
B npopaxe uMeroTcsl CTaHAapTHBIE MAKETHI AEKOJUPOBAHMS, KOTOPbIE MPUTOAHBI JJI1 HEKOTOPBIX, HE IS
BCEX, COBPEMEHHBIX ()OPMATOB CBSI3H.
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a) Ilpocmomp zanucu 1/Q ¢ nomowvio npoepammnozo obecnewenus VSA

[MporpamMuoe obecriedenne VSA naeT Mmoib30BaTeNsIM BO3MOXKHOCTH BBITIONIHUTD PST aHATUTHYSCKHUX
MIPOCMOTPOB cuTHana. Ha pucynke 8 mpencTaBieHO MOydeHHOE C MOMOIIBI0 MPOTPAMMHOTO 00€CTIeYeHUS
VSA mnpencraBieHHE TOTO K€ CHUTHANIA, KOTOPBIM HCIOJIB30BAJICSA BbINIC. BEepXHUIl JEBBIH 3KpaH — 3TO
CHEKTporpamMma, MOKa3bIBaroIIas HAYajJ0 CHUTHAJA, BKIIF0Yas HECYIIYIO U MEPBYIO YacTh MOIYIHPOBAHHOTO
curHaja. BHu3y cieBa — CHEKTp, MOKa3aHHBIM ¢ MU(POBBIM IOCIECBEYCHHUEM, NAIOMIMM IIOJIH30BATEIIO
BO3MOXKHOCTh Ha0JIIOJIaTh KOPOTKHE IO JTUTECIHLHOCTH XapaKTCPUCTHKH B KOHTEKCTE 00JIe€ YCTONYMBBIX
ACTIeKTOB Niepeaaun. BepXxHuii paBblii 3KpaH IMOKa3bIBACT IPYIIIOBYIO 33JCPKKY I YACTOTY B 3aBUCIMOCTH
oT BpeMeHH. [lOCKONBKY 5TO CHrHaJI € YacTOTHOW MaHHWIYJSIMEH, MOTYT HaOIIOaThCs OTAEIbHBIE
repeiaBaeMbie CHMBOJIBL. B HIDKHEH MpaBoil yacTr Mokas3aHa (a3a B 3aBHCHMOCTH OT BPEMEHH, YTO 0COOEHHO
TOJIC3HO, €CJIH UCCIICyeMbIii CUTHAI MOAYJIMPOBaH 1o (hase.

PUCYHOK 8

IIporpammuoe odecnieyenne VSA — BbI0OpOYHbIE OKHA aHAJIN3Aa CHTHAJA

P I Cortdd Irowt MessSeti Trace Makerr Widow  Utites  Heb v

Pl= L (AR N Y™ sir Moo

SM.1600-08

Uuraremo ciexyeT NPUHATH K CBEIEHHIO, YTO ATOT CHUTHAN ObUT TMOJY4YeH NP O4YeHb HU3KOM YPOBHE
MomHocTH. Hecymas m3mepsutace Ha ypoBHe —103,7 nbm Ha BXozme mpuemHmKa. BcenenctBue STOro Ha
BEpPXHEM IIPaBOM JKpaHe (B KOTOpPOM Moka3aHa (opma curHasa YM) mpUCyTCTBYET 3HAUHUTENBHBINA LIyM.
IMTockonbky iporpaMmHoe obecriedenne VSA paboTaeT ¢ 3anucaHHbpIMu JaHHbIMHE |/Q, M3MepeHrsT BO3MOKHBI
C MCTIOJIb30BaHUEM HH(OpMAIMK O MOIIHOCTH, YacToTe U (ha3e CUTHaA.

b) Toomeepoicoenue pacnosnasanus u uoenmuurayus nymem oemooyasayuu 3anucu 11Q ¢ nomowwio
npocpammuozo obecneyenus VSA

PexomenayeTcs UMETh B paMKax TOT'O )K€ HHCTPYMEHTa aHaJIM3a IUPOKUI BIOODP LU(PPOBBIX 1EMOAYIISTOPOB,
MpeHAa3HAYCHHBIX U1 MOIYJSIUN HETWHEHWHOTO ¥ JMHEWHOTO THIA, CBS3aHHBIX C Pa3IHYHBIMU
QITOPUTMAMH YaCTOTHON KOPPEKIMH KaHAJIOB U C rpadMKaMH W 3KpaHaMH, MO3BOJISIONIMNMH BBITIONHSTh
OLIEHKY CXOJMMOCTH AEMOAYJIALINH.

IMponomkas paccMaTpuBaTh MPEAbLIYIIYIO 3anuch 1/Q, MbI MOXKEM HCIIOIH30BaTh BO3ZMOKHOCTH H(PPOBO
JeMOYISIK TporpaMMHOro obecriedeHust VSA mnst mpoBepku (opmara MOIYNSIMA U CHMBOJBHON
CKOpOCTH Hccienyemoro curhana. Ilepesenss mporpammuoe obecneuenne VSA B pexxuM LU(poBOi
JIEMOJYJISIIMMA, MBIl MOXXEM BBECTHM KOHKpPETHBIH (opmar monymsiuuu (2-ypoBeHb FSK) um cumBonbHas
ckopoctb (1600), onpezneneHHbIe Ha MPEABIAYLIEM LIare, s IPOBEPKH apaMETPOB UCCIIEyeMOr0 CUTHAJA.
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Ha pucynke 9, Ha KoTOpOoM MMOKa3aH NMpUMep cUrHaJ ¢ HenuHeitHo# FSK, B BepxHei yacTu mokasaH rpaduk
I/Q (wmm xpyroBas quarpamMma) C JBYMsI COCTOSHHSIMH YacTOThI CHTHana — JieBas (KpacHas TOYKa)
npeactasisier cumBoa "0", mpaBast — cumBod "1". Eciii popmaT 1 cuMBOJIEHAS CKOPOCTH OIPEICIICHBI BEPHO,
aTa TpaccupoBka |/Q nomkHa ObITH OYEHb CTAOWIIBHOM, @ KPAaCHBIC TOYKU (MJIM COCTOSIHHUS) — TONAAaTh B
COOTBETCTBYIOIIME TIONs. Takas CXOOMMOCTH TIPEIojiaracT, 4ro ObUIM BHIOpAaHBI BEpHBIC 3HAYCHUS
JIEMOIYIISIMN ¥ IPIMEHEHa Ha/uTeKamas GuibTpanus 1 KOPPEKIus 1Mo 4acToTe.

Hwxnsist 1eBast TpaccupoBKa — 3TO rpad MK CIEKTpa CUrHaja, HHTETPUPOBAHHBIN 10 PALY JeMOAYINPOBAHHBIX
CHUMBOJIOB, B HamieMm ciydae Obutn aemonyiupoBaHbl 3000 cuMBOIOB. DTO CHEKTpallbHOE OTOOpa)KeHUe
JOJDKHO JOBOJIBHO TOYHO COBIIAIATh C CUTHAJIOM, KOTOPBIM HaOJII0AaICs TIePBOHAYAIBHO.

B BepxHeil mpaBoif TpacCHpOBKE ITOKa3aHa BeiawduHa BekTopa omubku (EVM) mis kaxkmoro cmmBona,
KOTOpBIi ObUT AemoxymupoBaH. EVM — 3710 ¢a3a u BenwuuHa pasHUIBI MEKIY HACATbHBIM OMOPHBIM
cocrostarieM "0" wimm "1" W peanbHBIMH JIEMOIYTUPOBAHHBIMU COCTOSHISIMH, HaONIOJaeMbIMH C TEMHU
YCTaHOBKAaMH, KOTOpBIE MCIOIB30BAIMCh TPH HACTpoiike mupoBoit aemomymsmuu. EVM  moxer
paccMarpuBaThCs Kak oOIee CpeHee WM MOCUMBOJILHO. Bce 3HadyeHHMsS OIIMOKH, CBS3aHHBIC C 3TOM
JeMOAyIsIueH, 1exar Hike 1%, mo3ToMy MBI TIOJIy4aeM BBICOKYIO YBEPEHHOCTh B NPAaBMIILHOCTH OWTOB,
CBSI3aHHBIX C JAHHBIM CHTHAJIOM.

HwxHsis mpaBasi TpacCHpPOBKa — 3TO COBOKYIIHOE OTOOpaK€HHE peallbHBIX JeMOMYJIHUPOBAHHBIX OWUTOB U
OIHI/I6OK. CHGILYCT OTMETUTD, YTO MAPKEPHLI HA YCTHIPCX TpaCCUPOBKax CBA3aHLI, JIsI TOT'O LITO6I:.I II0Kas3aThb
cumBon "0", orHOCsIHMiicsa k cuMBoxy Ne 695 3 3000. OTi Mapkepsl 0TOOpaXkaroT e/ Py IBMKSHHUU 110
3anmcu 1/Q must oGecredeHust mob30BaTEN0 00PATHOM CBA3H O TOM, YTO YCTAHOBKH JIEMOIYJISIIMN BEIOPAHBI
BEPHO.

PUCYHOK 9

IIporpamMmHoe oGecneyenne VSA — HHCTPYMEHTBI HH(POBOIi JeMOLY IsIMHA

e (R 25K Spvea, Tavs =

SM.1600-09
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J1J1s1 TOJTHOTHI TIpEe/icTaBIeHHs Ha pucyHke 10 mokasaH pe3yabTaT HACHTU(OUKAIIMK CUTHAJIA BBICIIIETO YPOBHS
(16-QAM V29) ¢ wucrnonb3oBaHHEM TOTO K€ METOJa W APYroil MPUKIAIHOW MPOTpaMMbl aHAIIU3a,
npeHa3HAYeHHOM 11 MOYJISAIMY JIHHEHHOTO THIIA:

PUCVYHOK 10
[pumep nemonyasiuuu curiana 16-QAM V29

Co3sBe3nue 1eK0JUPOBaHHbIX
CHMBOJIOB

o0 0z 05 00
oo 10 00 08
00 00 00 02
oo oo 0s 03
] 00 f 00 00
10 09 00 00
0o oo 00 00
oo 00 00 00
00 a0 00 00
oo 00 00 00
04 01 00 00
00 00 00 00 00

3HaueHus JACKOAUPOBAHHBIX CUMBOJIOB

05 10 00 03 02 00 00 00 00 00
00 00 00 00 00 00 00 00
oo 00 00 00 00 00
00 00 00 00 00 00 09 06
00 00 00 00 00 00 00 00
04 11 00 03 02 03 00 00
oo 00 00 00 0o 00
00 00 00 00 00
00 00 00 00
00 00 00 00
12 08 00
00 00 00 00
00 00 00 00
00 00 00
00
Vemgen ___ oetdweamme
Nusber .‘dﬂ:ﬁm_} _] [TpoBepka cXOAMMOCTH JEMOAYISALIUU
Rt o ;R0 1 | [y TeM MpoBepku K03 durmenTa
~ﬂ=p ) 1ol pebected
‘m‘ e :m OIIMOOK IT0 CHMBOJIAM
\ |
SM.1600-10
4 O6padoTka 3anucu 1/Q

[Mocneanuii mar TEXHUYECKON UWACHTU(GUKAIMKM HEU3BECTHOIO MHM(POBOrO CHUrHAJIA 3aKIOYacTcs B
JeKOMMpoBaHKy 3amucu 1/Q B meisx M3BICUCHUS YaCTH WIH TOJHOTO OPUTHHAIBHOTO COJEPKUMOTO0. DTOT
mar JIOJHKeH BBIMOIHATHCS B COOTBETCTBUH C MPABOBBIMHU M ATHYECKUMHU OTPAHUYCHHSIMH, CBSI3aHHBIMHU C
KCIOJIb30BaHUeM MH(opMaluu. B Halem npuMmepe ¢ MOMOIIBI CEPUIHO BBIMYCKAEMOr0 MPOrPaMMHOIO
oOecrieueHus: JCKOJUPOBaHMS MOXET ObITh oOpaboTaHa Ta ke 3amuch 1/Q JyIs TMOJNOXKHUTEIBHON
UIeHTH(UKAIINY UCTOYHHKA TIEPEIavH.
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a) Obpabomka ¢ NOMOWBIO NPOSPAMMHO20 0OecneyerUss 0eMOOYIAYUU AYOUOCUSHANA

OYHKIIMOHUPOBAHUE ONPEICIICHHOTO MPOrPAMMHOTO 00ECTICUCHUS ICKOIMPOBAHNSI OCHOBAHO Ha 00paboTKe
ayJIMOCUTHaJIa, CO3JAHHOTO B Pe3yJIbTaTe IEMOIYIMPOBAHMUS CUTHAA CO CTaHaapTHBIM popmarom (AM, FM,
U/LSB uiu CW). B atom ciydae moTpedyeTcst mporpaMmMa, KOTopasi MOKET CO3/1aTh ayruocurHal. [IpuMepom
MOXET CITy)KHTh IPOrpaMma, oKazaHHas Ha pucyHke 11. Dta nmporpamma GyaeT BOCIPOU3BOIUTH 3amuch 1/Q
W BBIXOMHOW aymuocurHan. llockompky 3amuch He ObUla paHee '"oOHapyxeHa', mporpaMMa gaer
MOJIb30BATENI0 BO3MOXKHOCTh OTPETYIHPOBaTh LEHTPAIBHYIO YacTOTYy W INMPUHY MOJOCHL Mporecca
JeMOAYIUpOBaHusl. DTo obecrmeynBaeT THOKOCTh MpH paboTe ¢ alropuTMaMH JACKOAWPOBAHHS, KOTOpBIC
BeChMa YyBCTBHTEJLHBI K 3HAUCHHSIM [ICHTPATbHOM YaCTOTHI M 0XBaTa 2y TUOCUTHATIA.

PUCVYHOK 11
ITpumep nporpaMMHOro odecneyeHus NPOUrpbIBaTeis ayanocuraaia 1/Q
EEX
Eie Yiew Help

Playback
Time: 2006/10/16 15:33:18.731 [5.456 Sec]

2w afo

IR

Tuner
Frequency: 929.162204 MHz

Bw-[13917kHz  ~|  [Reaktime | ¢ |
Demod | © AM < FM (" USB C LSB © CW (TR
Filter. I [T LowCut [~ Voice Enhance - I -
Voos | By it i o ]
In?:zﬁ [D" ;’J__J ']” = .—. T = >
Audor| I~ AGC [~ Squekch T

SM.1600-11

Jlpyroe npeuMyInecTBo padboThl ¢ 3anucsamu 1/Q 3akimouaeTcss B BO3MOXKHOCTH HCIIOIB30BAHHS PAa3HBIX CXEM
OoOHApy)KeHUs U TIOJAYYCHHS HAWIydIlero ayJdOCHrHayia Ui JEeKOAMPOBAaHMSA. OTa TMOKOCTh CHHXKAET
00€CIIOKOEHHOCTH OIlepaTopa MPH BHITIOTHEHUH 3aMucell "B MONEBBIX YCIoBUAX". Eciu 1ieHTpanbHas 9acToTa
3amucanHoro curnana |/Q cMerieHa OTHOCUTEIBHO IEHTPA, IS TOTyYeHHS TPUEMIIEMBIX PE3yJIbTATOB 3aMKCh
MOJKET OBITh IIOBTOPHO AUCKPETHU30BAHA W/WIIH IIEHTPOBaHA (KaK MMOKa3aHO BEIIIIE).
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b) Obpabomka ¢ UChOIBL308AHUEM NPOSPAMMHO20 0becneueHUs 0eKOOUPOBAHUSL CUSHATIO8

[IporpamMmMHoe obecrieueHHe JIEKOJUPOBAHUS CUTHAIOB OYIET MPUMEHSTh BRIOPAHHYIO CXEMY JUIS 3aIHCU U
BBIJIaYH PE3yJIbTATOB B OKHO WJIM 3aIFICH PEe3yJIbTaTOB B TEKCTOBHIN (aiin. Kak mpaBwito, 1 KaKa0H CXEeMBI
JEKOJMPOBAaHUs CYIECTBYET HECKONBKO PpETyJUpOBOK. HEKoTopble W3 3THX MporpaMM BKJIIOYAIOT
"uneHTn(UKaTOpbl CUTHAJIOB", HO OHM TPeJHAa3HauYeHBl B OCHOBHOM IS OYEHH MPOCTBIX CXEM MOIYJISIINH,
takux kak FSK mwiu PSK. B npuBeneHHOM HIDKE PHEMEPE B CXEMY JI€KOIUPOBaHUs ObL1a BBeeHa 3amuch 1/Q,
obu1 ycranoriieH gopmar FLEX u POCSAG, nBa mMpoOKO MCHOIB3yeMBIX NEHIKUHIOBBIX CHUTHANA. JTH
(dopmMaThl ObLIH BHIOpaHBI HA OCHOBE IIEHTpaibHOM 4acToThl (929,162 MI'nt), mmpunbl nonocsr (12,5 kI'm) —
WM BHEIIHHUX MapametpoB curHaiga u gopmara monymsiiun (FSK) u cumBonbHo# ckopoctr (1600) — wimu
BHyTpeHHHUX mapamerpoB curHana. J[ins POCSAG pe3ynbTaToB JEKOJMPOBaHMs BhIpaOOTaHO HE OBLIO.
Pesynbrarer nexonupoBanus FLEX mokazans! Huxke.

PUCYHOK 12

IIpumep cepuiiHo BbINYCKAEMOro NPOrpaMMHOIO O0ecneYeHHs JeKOAHPOBAHUS

Fila  HF-Modes YHEUHF-Modes Sobelite Modems Demodulstor Options
Baadrabe: 1600.00/3200.0 MO 111206

Diee @@ s 2N elx-]| B BEeEslel o 2o e ] 2] % s

+| I

Favorites Setup  View Window Help

850 Ha I ssgu:

4 minute cycls number 1 2, frams mumber 1 31
AnnoonTOeS sALFHA ¢ I0OC in OR T in 5 minutes

ANOODO3244: ALPHA @ Mr JHMEERNEE = here.

annoooE03T:ALPHA : Ba in place at the Main Hospital Lobby at 0545 am tomorrow for the fire drills.
A000D05258  NLEHA @ Please call 2-3?51m1th neurcsuLgey

annoonT245: 5T MUM: 2-2444

ADDNOR0sS 340 ALPHR - 15 hers.

@000003124: ALPHA ¢ Debbis, about Hr,m I waz confused about hiz tube fesds becausze I saw an order

nﬂ,m

A0Noo0DTORS sALPHA ¢ IOC in OR T in 5 minutes

£
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I/IH(i)OpMaHI/IOHHOC COACPIKUMOEC, HU3BJICYCHHOC H3 OPHUIMHAJIBHOI'O0 U3JTY4YCHHUA, MJacCT I10JIb30BaTCIIO
BO3MOXKHOCTH I/IZ[CHTI/I(bI/I]_II/IpOBaTB HNCTOYHUK U NTPUHATH HeO6XOI[I/IMI)Ie PETYIATOPHBIC MEPBI HA OCHOBAHUHA
JOCTAaTOYHBIX JOKA3aTCJIbCTB.

5 KoppenssTuBHbIe U Apyrue nepcneKTUBHbIE METOIbI

JlaHHBII pa3nen NOCBAIICH MEePEIOBEIM aJTOPUTMaM, KOTOPhIE MOXET MPUMEHSTh PETYIATOPHBIN OpraH i
uudpoBoii uaeHTH(uKanuu curHaioB. [lpuBemeHo ommcanue oOmMX MeTonOB, a B llpwioxenun 2
MIPEICTaBIEHbl KOHKPETHBIE PUMEPHI JUIS PACCMOTPEHMSL.

a) Koppenamusnvle memoowt

Kpocc-xoppenayus: Kpocc-KOppelsiys — 3TO Mepa Mmolo0us JIByX CUTHAIOB KakK (DYHKIUS OTCTaBaHUS 110
BpEMEHU, IPUMEHIEMAas K OJTHOMY M3 HUX. DTO TaK)Ke Ha3bIBAETCS CKOIB3SAIIAM CKAJISIPHBIM ITPON3BEICHUEM
WJIU CKOJIB3SIIUM BHYTPEHHUM MPOU3BEIACHUEM.



Pex. MC3-R SM.1600-2 25

Asmokoppenayus. aBTOKOPPEIAIHS — 3TO KPOCC-KOPPEIAIHsI CUTHAa caMoro ¢ coboit. MabopMaIimoHHo 310
nmomobue HaOMIOMeHNH Kak (YHKIIMH BPEMEHH, KOTOPOE MX pa3/eisieT. DTO MaTeMaTHIeCKU HHCTPYMEHT
MTOVICKAa TIOBTOPSIONINXCS MIA0JIOHOB, TAaKWX KaK HAIWYHE MEPUOJUYECKOTO CHTHANa, KOTOPBIH MOTPYKEH
IIyOOKO B IIIYM, HJTU HJSHTHU(QUKAIIUH TPOITYIEHHON YaCTOThI OCHOBHOM FapMOHHMKH B CUTHAJIC, HA KOTOPBIH
YKa3bIBAIOT YaCTOTHI €r0 TapMOHHK. ABTOKOPPEIALNS YacTO HCIIONB3YeTCs MPH 00pabOTKe CHUTHAIa IS
aHanm3a (YHKIUN WM CEpUH 3HAYSHHH, TAKUX KaK CUTHAJIBI BO BpeMEHHON 00IacTH.

Hcnonp3oBaHue STHUX aTOPUTMOB MOXET OOECHeYnTh OOHApYKEHHUE M PAClO3HABAHHE BCTPOCHHBIX
MIEPUOAMYECKUX TTOCIIEAOBATSIIEHOCTEH, KOTOPBIE MOXHO NPUMEHATh B KayeCTBE W3BECTHOI'O OMOPHOTO
CUTHAJIa TIpY IajdbHEHIIe oopaboTke.

3TH aJrOPUTMBI IIMPOKO MCTIONB3YIOTCS JJIsl IIOMCKA B CHTHAJIC OOJBIION JUTMTENLHOCTH 00jiee KOPOTKOro
curHana (Hampumep, mpe- Wik MUIaMOyJia, CIIOBO CHHXPOHU3AIIMK WIIM THJIOTHBIN Koj). Ha mpakTuke 3TH
M3BECTHBIE CBOIICTBA MOMYJIMPOBAHKI B IN()POBBIX CTAHIAPTHHIX (hopMax CUTHAIA U 00ECTIEUYHNBAIOT IIA0JIOH,
KOTOPBII MOXET UCTIOJIL30BATHCS JUTS OJTHO3HAYHOM KIACCU(PHUKAIINN HCCIEAYEMOTO CUTHAA!

- CJIOBa CHHXPOHHM3ALUHM MMEIOTCS BO MHOTHX CTaHIAPTHBIX HENPEPHIBHBIX CHTHaIax (HampuMep,
4acToTHOE pasneieHue kaHanoB (FDM) u MHOrOCTaHIIMOHHBIN JOCTYI C YaCTOTHBIM pa3/ielIcHUEM
(FDMA), xoTopble BCTpPEYarOTCs BO MHOTHX paalOCHCTEMax, Mal/DKMHIOBbIX cuctemax u PMR
(NMT, TETRAPOL u 1. 1.);

— HACTPOCUHBIC MOCJICI0BATEILHOCTH UMEIOTCS B CTAHAAPTH30BaHHBIX cUrHaiaXx | DMA, Takux Kak
CHTHAJIBI, BCTpeyarolnuecs B coToBbIx cuctemax 2G u PMR (GSM, D-AMPS, TETRA, PHS);

- koAbl PILOT wiu ciioBa CHHXpPOHM3AIMK UMEIOTCSA B CTaHAapTU30BaHHBIX curHanax CDMA wiu
TDMA/CDMA u T. &., KOTOpbIe 4acTO BCTpeyaroTcss B coTOBbIX cuctemax 3G (3GPP/UMTS,
3GPP2/CDMA2000);

— cumBoibl PILOT unu pasnecennsie nogHecynirie PILOT uMeroTcss B MOAYJIMPOBaHHBIX CUTHATIAX
OFDM, OFDMA, COFDM u SC-FDMAJ/SC-FDE, xotopble OYeHb YacTO BCTPEYAIOTCS B
panuroBemniatenbubix cucremax (DAB, DVB-T/H) u coroBeix cucremax 4G (3GPP/LTE).

JlJis pakTUYeCKOH peaju3alli 3TUX METOJIOB UCIOJB3YIOTCS CKOJB3SIINEe OKHA BPEMEHHOM 00JIacTH AJis
0o0OHaAPYKCHUS BPEMEHU MOCTYIUICHUS] CUTHAJIA, U METOJIbl KOMIICHCAIIUH JIOTIESPOBCKOTO C/IBUTA YaCTOThI JJIs
KOMIIEHCAIINH ABM)KEHUSI ICTOYHMKA CUTHAJA. B 11e710M 3TH MeTObI BKIIIOYAOT J[BA II1ara:

[Tar 1: ormeHKa TOTUIEPOBCKOM ONMTMOKHU MO YaCTOTE U MOMEHT CHHXPOHU3AINH 110 BPEMEHHU.

[lar 2: KOppEeKTHPOBKA JOIICPOBCKOW OIIMOKU IO YaCTOTE W ONTUMHU3AINSA OOHAPYKEHHS M pa3JIeICHUs
HMCTOYHUKOB CHTHAJIOB.

b) Jlpyeue nepcnexmugHvle Memooul

Betienem-npeoopazosanus Xaapa: "c TOMOIIBIO 3TOH CXEMBI BO3MOXKHO BBITIOJTHEHHE aBTOMAaTHUYECKON
KJaccu(UKaIMu MOAYJISAIUN U PACO3HABAHUE CUTHAIOB OCCIPOBOIHON CBSI3U C alPHOPHO HEHU3BECTHBIMHU
napamerpamu. OCOOBIMH XapaKTEPUCTHKaMHU TpoIlecca SBIISIOTCS BO3MOXKHOCTh €ro JIWHAMHYECKOMH
aJlanTaliy TIOYTH KO BCEM THIIAM MOAYIISIIMHA U BO3MOXHOCTH WaeHTH(]uKaiuu. PaspaboraHHas cxema,
OCHOBAaHHAsl Ha BEHBIIECT-MPEeOOPAa30BaHUM W CTATHCTUYCCKUX MapamMeTpax, HCIONb30BaNACh IS
uneatudukanun M-pazpsaaoit PSK, M-paspsmaoit QAM, GMSK u M-pazpsmuoit FSK momynsimii.
PesynbpTarthl MOJENMpPOBaHUST MOKA3BIBAIOT, YTO MPABWIIbHAS HICHTU(DUKAIMS MOIYJISIUNA BO3MOXKHA TPU
HwkHer rpanune B 5 Ab. [lpomeHtHas nons waeHTUUKAIMU aHAIM3UPOBAIach Ha OCHOBE MAaTPHIIBI
nerounocteis. Ecau SNR Boie 5 1B, mpeuioxkeHHas cucTeMa II0Ka3bIBAET BEPOSITHOCTL OOHAPYKEHHUS 0oJIee
0,968. Ilpu cpaBHeHuu 3()(PEKTHBHOCTH MNPEAJIOKECHHON CXEMbl C CYIISCTBYIOIIUMH METOAaMU ObLIO

3 B 06macTy HCKYCCTBEHHOTO HHTEJLIEKTa MATPHUIIA HETOYHOCTEH — 3TO TabNMIA CTIENHANBEHON GOPMBI, TIO3BOJISIOMIAS
BU3YaIM3UpOBaTh 3((PEKTHBHOCTH alIrOPUTMa, Kak MpaBUio, ajiropuTMa YIpaBisieMoro oOydenus (mpH
HEYIpaBIsieMOM 00yJIeHHH 3Ta TabrI[a OOBIYHO HA3BIBACTCSI MATPHIIEH COOTBETCTBHS). Kax bl cTonGeI] MATPHITHI
MIPEACTaBISIET SK3EMIUILIPEI B IPOTHO3MPYEMOM Kjlacce, a KaKIBIH PsIIl — IK3EeMIUIAPH B (DAKTHYECKOM KIacce.
HasBanue cBs3aHO C TeM, 4TO TaONMIa MO3BOJIAET JIETKO HOHSTH, HE IyTaeT JM CHCTeMa JBa Kiacca (TO eCTb
HETPaBUIbHO MApKUPYET OMH Kak Ipyroit). BHe cdephl HCKyCCTBEHHOTO HHTEILUICKTa MATPHUILY HETOYHOCTEH 4acTo
Ha3bIBAIOT TAOJIMIIEH CONPSDKEHUS MIIM MaTpHUIIeH OIHOOK.
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OIpeJIeNIeHO, YTO cXema OyaeT HACHTH(UIMPOBATh BCE BHUIBI U(PPOBONW MOIYJISIUKA C HU3KAM 3HAUYCHHUEM
SNR" (cm. cripaBo4HBIi 1oKyMeHT [1]).

CnexmpanvHbllli  KOppelsimueHvlll  aHAIu3. MHOTHE WCIONb3yeMble B CHCTEMaxX CBS3M CHTHAJBI
XapaKTEPU3YIOTCSl MEPUOAUYHOCTHIO CBOMX CTATUCTUYECKUX IMapaMETPOB BTOPOTO MOPSIKA B CHUIY TaKHUX
orepanyii Kak JUCKPETH3aIusi, MOIYJSAIHA, MYyJIbTHINIEKCHPOBAaHHE W KOJUPOBAHWE. OTH IUKIMYECKU
CTallMOHApHBIE XapaKTePUCTHKHM, HAa3bIBa€MbIE CHEKTPaIbHBIMH KOPPEISIHOHHBIMH CBOMCTBAMH, MOTYT
WCIIONIb30BAThC JUIsi OOHAPY)KEHUS M PAcliO3HABaHUS curHana. [ aHaM3a IUKIMYECKU CTaIMOHAPHBIX
CBOMCTB CUTHAJIAa OOBIYHO HCITOJIE3YIOTCS JIBE KIIFOUCBBIC (DYHKITHH:

1) UKInYeckas aBTokoppessinuonnas ¢yukius (CAF) ucmonbdyercs s aHaaH3a BO BPEMEHHOM
o0JacTy; u
2) criekTpansHast koppessiuonnas yukius (SCF), KoTopas MOKa3bIBaeT CIEKTPATBHYIO KOPPEIIAIHIO

Y BBIBOJUTCS MyTeM IpeoOpazoBanus Oypre NUKINUECKON aBTOKOPPEIISIIHH.

Ha ocroBanmm psaa xapaktepuctudeckux mapameTpoB SCF u SCC BO3MOXKHO pa3THICHIE CUTHAIOB Pa3HBIX
tunoB (to ectb AM, ASK, FSK, PSK, MSK, QPSK). Dtot anroput™ 3G¢eKTHBEH TaKKe B Cliydae Cadbix
CUTHAJIOB MW MOXCET HCIIOJIb30BaThCAa AJIsd KJ'IaCCI/I(bI/IKaHI/II/I HEU3BCCTHBIX CHI'HAJIOB (CM. CHpaBO‘IHBIﬁ
JTOKyMeHT [2]).

6 KpaTkue BbIBOABI

[IpuBeneHHbIC B HACTOSAIICH PexoMeHIaMK pUMEPHI CITY)KaT HWIUTIOCTpAIMed mporecca UACHTU(UKALNN 1
KCIIOJIb30BaHUS CEPUIHO BBIMYCKAEMbIX MPOrPaAaMMHBIX CPEJICTB, a TaKKE€ METOJIOB YIIyOJICHHOTO aHau3a
COBpeMeHHBIX IH(POBBIX CHUTHANOB. [IpuMepsl KOppemsanuu TpUBENeHBI IS WILTIOCTPAIUU TEPEIOBBIX
METOJIOB 00paOOTKH, KOTOPHIE MOTYT UCIIOIB30BATHCS U UACHTA(DUKAIINN CIIOKHBIX CHTHAIIOB.

3a mocnenHue roapl Bce B OONBLIEM YKCIEC BEKTOPHBIX aHAIM3aTOPOB CUTHAIOB M NMPHUEMHHUKOB KOHTPOJIS
npeaycmarpuBaetcsi (GyHKuus BbimoaHeHus 3amucu 1/Q. Hapsioy ¢ stuMm Bce Oonice JAOCTYIHBIMH H
NpUEMIIEMBIMH TI0 II€HE CTAHOBATCS HMHCTPYMEHTHI aHAlW3a CHIHANA, PACIO3HABAHUS MOAYISIHU |
UICHTU()UKAIIMA CUTHAJIOB. OTH HWHCTPYMEHTHI IMO3BOJIAIOT PEryJISTOPHBIM oOpraHaM B o00jacTu
HCIIOJIb30BaHUA CIICKTpa HapallyvBaTb YPOBCHL aBTOMAaTHU3allU O6Hapy)KeHI/I$I, 3allucu, KJIaCCI/I(bI/IKaHI/II/I u
UICHTU(HUKALMHA pacCMaTPUBAEMBIX IIU(PPOBBIX UTyYSHUH 1 3()(EKTHUBHOCTD PaclO3HABAHUS U CMATYCHUS
MIOCJIC/ICTBUH ITOMEX.

CrnpaBo4Hble JaHHbIE 0 MPOTPAMMHBIM HHCTPYMEHTAM

[Iporpammuoe obecniedenust VSA moiepKuBaeT, Kak MPaBuiio, CJACIYIOIINE CXEMbI JEMOYJISIIHH:
— FSK: yposens 2, 4, 8, 16 (Bximrouas GFSK);

- MSK (Bkmrouas GMSK) Tum 1, Tum 2;

— CPMBPSK;

- QPSK, OQPSK, DQPSK, D8PSK, n/4DQPSK;

- 8PSK, 3n/8 8PSK (EDGE); n/8 DSPSK;

— QAM (momHoe xkogupoBanwue): 16, 32, 64, 128, 256, 512, 1024;

- QAM (muddepennmansHOe KOJUPOBAaHUE B COOTBETCTBUH cO ctangaprom DVB): 16, 32, 64, 128,
256;

- QAM co 3Be3m000pa3Hoit Tomonoruei: 16, 32;
- APSK: 16, 16 w/DVB, 32, 32 w/DVB, 64 VVSB: 8, 16, cnenmanusuposannas APSK.



Pex. MC3-R SM.1600-2 27

[Iporpammuoe oOecriedernne VSA mOAIepKHUBACT, KaK TMPABUIIO, CIEAYIONIUE CTaHAApTHBIC (HOpMAThI
u(poBOi CBA3U:

coroBas cBs3b. CDMA (6a3oBas), CDOMA (noxsmwxuas), CDPD, EDGE, GSM, NADC, PDC, PHP
(PHS), W-CDMA, LTE, LTE Advanced;

6ecnipoBonbie cetu: BluetoothTM, HiperLAN1 (HBR), HiperLAN1 (LBR), IEEE 802.11b, ZigBee
868 MI'11, ZigBee 915 MTI'1, ZigBee 2450 MI1;

mudposoe Bugeo: DTVSE, DTV16, DVB16, DVB32, DVB64, DVB128, DVB256, DVB 16APSK,
DVB 32APSK;

npouee: APCO 25, APCO-25 P2 (HCPM); APCO-25 P2 (HDQPSK), DECT, TETRA, VDL
pexum 3, MIL-STD 188-181C: CPM (Bapuanr 21).

Cl'[paBO‘leIe AOKYMEHTBI

[1]

[2]

PRAKASAM P. and MADHESWARAN M., Digital modulation identification model using wavelet
transform and statistical parameters, Journal of Computer Systems, Networks, and Communications
Volume 2008 (2008),

Article ID 175236, 8 pagesdoi:10.1155/2008/175236.

HAO Hu, JUNDE Song, Signal Classification based on Spectral Correlation Analysis and SVM in
Cognitive Radio, 22nd International Conference on Advanced Information Networking and
Applications, Dept. of Electronic Engineering, Beijing University of Posts and Telecommunication
and Yujing Wang, Dept. of Telecommunication Engineering, Xidian University.

Ipuioxenue 2

B nacrosmiem [IpunoxxeHun MpUBEACHBI IPUMEPBl KOHKPETHBIX CIIOKHBIX IIH(POBBIX CUTHAIOB U OMHCAHBI
MOJXO/IBI K X UIEHTU()UKALNH.

a)

Ipumep uoenmugpuxayuu cuenana GSM (TDMA)

Ha npezicTaBieHHOM HUKe SKpaHe MMoKa3aH nmpumMep Koppessinun nauku GSM. B 3ToM nipuMepe BBITONHSIETCS
cpaBaenue 3amucu 1/Q ¢ u3BecTHbIM AneMeHTOM curHania GSM (MumamOyina) U pe3ynbTaThl KOPPEISIUH
BBIBE/ICHBI BO BTOPOM CHH3Y OKHE.
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PUCVYHOK 13
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b) Ipumep memooa udenmugpuxayuu cuenanos onss OFDM, SC-FDMA, SC-FDE

Huknudeckas aBTOKOppensusl oOecredrnBaeT OONBIIOE YHUCIO NPEUMYIIECTB TMPU aHAIW3e YacTUIHO
M3BECTHBIX CUTHAJIOB, Takux Kak curHaasl OFDM, OFDMA, SC-FDE u CDMA. DT0OT METO MOXKET ITOMOYb
B ONPE/CIICHUHU TIEPUOUUCCKUX U IUKIUYCCKUX XapaKTePUCTHK (opMbl curHaia. OJHUM U3 IPUMEHEHHH
00pabOTKM Ha OCHOBE MHKIMYECKOH aBTOKOPPEISIIIMUA SBISETCS PACMO3HABAHUE ITOBTOPSIOIIMXCS
MOCJICZIOBATEIBHOCTEH B IMEpeJaBacMbIX CHUTHANIAX, TAKUX Kak 3aluTHbe WHTepBaibl B OFDM-momxo0HbIX
cumBojiax. Hampumep, MoxeT ObITh 00eCIieueHO TOYHOE OOHAPYKCHHUE U PacIiO3HABaHUE MOJIYJIMPOBAHHBIX
curaanos OFDM, (O)FDMA u SC-FDE nytem pacuera MUKJIHIECKON aBTOKOPPEIIAIHH.

Jlnist onipenieNieH st CKOPOCTH MOJYJISIIMU ¥ CHHXPOHHU3AIMYA CUMBOJIOB MOYKHO UCIIOJIb30BaTh JIyOJIMPOBAHHE
Havajia WM OKOHYAHUS CUMBOJIA JIJIsl TIOCTPOCHMSI 3alIUTHOTO HHTEepBaia. Takum o0pa3om, [k IPUMECHEHUS
nyOnupoBaHus cuUTHana B ciydae curHanoB OFDM 0azoBbiMM MaTeMaTWUYeCKUMH (DYHKITUSMHU SIBIISTFOTCS
(hyHKITHS aBTOKOPPEISIUY B (DYHKITUS [IUKIMYECKONW aBTOKOPPEIISAINH, TIPECTABICHHBIE BBIIIE.

[paktuueckas peanuzanms uneHTudukanuun OFDM Moxer ObITh BBIIIOTHEHA B TPU 3Tama:

Oman 1: MOJICYET TMOTHECYIINX, KOTOPhIi MOYKHO IMPOHM3BECTH C HCIOJb30BAHUEM BBICOKOTOYHOTO
CIIEKTPAILHOTO 0TOOpaskeHus (paspenieHue 1o yactore yyme 1/(2.TS)). Pekomenmyrorcst:

— TIaHOPaMHOE€ TIPEJICTABICHUE CHUTHAla C IEPEMEHHBIM CIEKTPAIbHBIM pa3pelieHueM
(1 COOTBETCTBYIOLIMM BPEMEHEM HHTETPHPOBAHN);



Oman 2.

Oman 3.
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WCIIONIB30BaHUE OONBIIOTO 4HciIa Todek il pacdera bBIID ¢ mpumeHeHHEM
COOTBETCTBYIOIINX METOAOB HHTEPIOJISIIH;

JIOTIOJTHUTENIbHBIE (DYHKIIMK YBEIHUYCHHUS H300paKEHUSI U BO3MOYKHOCTH H3MEPEHHUS C
MOMOIIBIO Kypcopa.

pacueT aBTOKOPPESIIMKM CHI'HAJIA BBIMOJHACTCS IJIsi OOHApYKEHHs MK, COOTBETCTBYIOLIETO
3a7iepikKe T = Tg, B IEISIX ONpeeNieHus: pasHoca Mexay noganecymumu 1/Tg (cMm. pucyHok 14,
aeBast yacTb). CeayeT 3aMeTUTh, YTO HEOOXOIMMO Pa3INIaTh CEPUIO IIMKOB, COOTBETCTBYIOIINX

9X0-CHTHaJlaM KaHaja, U MUK, COOTBETCTBYIOIIMN UIUTENBHOCTH CHMBOJIA HA MOJHECYIINX, B
CUJIY UX 3HAUCHUM.

PUCYHOK 14
Ctpykrypa cumBoJia (C) OFDM Bo BpeMeHHOii M YaCTOTHOI 00/1acTAX

DJ]I/ITCIH)HOCTI) CHUMBOJIa

T=T,+T,
| ————p|
TMonHecymme | Perumika curnana
HA T
| 9 |
BIID ' A |
|
o |
> I I
> g | < e
Paznoc T, 3ammrHbIi
HO)IHeCyH.[I/IX I/IHTepBaJ]
T, T
SM.1600-14

pacueTr IUKINYECKOW aBTOKOPPENALIMH IS 3aIEPKKU T (T yCTaHABIMBAET Ts), MOJYYEHHOM B
pe3yJbTare aBTOKOPPENSAIMU, ¢ TEM YTOOBI MOXKHO OBUIO M3BJIEYb YACTH KOPPETMPOBAHHOIO
CHTHAJIa, COOTBETCTBYIOIINE PEIIMKU YaCTH CHMBOJIA B IIEJIAX CO3/IaHUS 3aIATHOTO MHTEPBAIa
(cMm. pucyHOK 14, ipaBast 4acTh):

JUTSL TIOITBEPIKACHHS TOMOJHUTENILHO 3HAYCHUS JUTUTEIBHOCTH cUMBOJIa TS (LUKIHYecKast
ABTOKOPPEJISIHUS, PacCUMTaHHAS Jisi 3HA4YEHUs T, OTIUYHOIO OT 1S, He obecreynBaeT
MPE/ICTaBIICHUS XapaKTePUCTHUCCKUX MTHKOB);

JUIS  OTIPENeNICHHsT CKOpPOCTH Moxayisaiuu nomnecymmx 1/(TS + Tg) wm 3ammrHOrO
nHTepBana 1.
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PHUCYHOK 15

MeToab! KOppeJasHH H HHK/INYeCKOH aBTOKOppe/siliiy, NpuMeHsemble K curnany (C) OFDM
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Ipumep memooa uoenmughuxayuu cuenana onz WCDMA

[IpakTuueckas peanusaius ananuza curdana WCDMA moxkeT ObITh BHIINIOJIHEHA B TPH 3Tara;

30
250 [
200
150
100
50
0
c)
Oman 1.
Oman 2.

OII€HKa CHUMBOJILHOM CKOpOCTH.

B kauectBe nmpumepa: cumBosibHast ckopocTh curHanoB 3GPP/WCDMA cocrasisier 3,84 MI'nt
1 MOJET OBITh ONIpeelieHa IyTEM pacdeTa CIIEKTPaIbHON KOppesiuyu. DTa CTaHIapTH30BaHHAs
CHUMBOJIbHASI CKOPOCTh MOXKET CPaBHHUBAThCS C PACCUMTAHHBIM 3HAYCHUEM, TONYYCHHBIM B
pesynbTate 00paboTku curHana. B ciyuae cereit 3GPP/WCDMA 370 103BOJISIET OTPAaHHYIHTh
00J1aCTh IOUCKA AJIS1 CHMBOJIBHOM CKOPOCTH B PAacieTe CIIEKTPaIbHON KOPPEISIUY 3HAYECHUSIMH,
omuskumu K 3,84 MI'11, ¢ TeM 9T00OBI COKPaTHTH 00heM Bhunciienuit. Ha pucyrke 16 a) mokaszan
pacueTHbIA pe3yIbTaT CUMBOJIBHON CKOPOCTH.

IOKCK COTBI: IOMCK COTBI BBIMOJTHSIETCS OOBIYHO 32 TpH 1iara, KOTOpbI€ ONMMCAHbI HUXKEC.

lar 1:

[ar 2:

Iar 3:

CHHXPOHH3AIHS CIIOTOB: BBIIOJIHAETCS, KaK MMPAaBUIIO, C TIOMOIIBIO OAHOTO (QUIIBTPA,
COTJIACOBAaHHOTO C TEPBHYHBIM KOJOM CHHXPOHHM3AIlMM KaHalla CHHXPOHH3ALMH
(SCH), xoropsiii siBisiercss oOmwM uisi Bcex coT. CHHXPOHM3ALMUS CIOTOB B COTE
MOJKET OBITh JIOCTUTHYTA IyTEM JIETEKTHPOBAHUSI TIMKOB HA BBIXOJIE€ COTJIACOBAHHOTO
¢dunbTpa.

CUHXpOHH3alusd KaApOB U I/I):[GHTI/I(I)I/IKa]_[I/ISI TpyIIIbl KOJA: 3TO BBINOJHACTCA MNPU
oMo KOoppeiadnun IIPUHUMACMOI'0 CUTHaJla CO BCEMH BO3MOXHBIMH
MOCJICAOBATCIBHOCTAMUN BTOPUYHOI'O KOJAa CHUHXPOHH3AIINU SCH u OIIPEACIICHUA
MAaKCUMAJIbHOI'O  3HAUCHUA  KOPPECIALUHA. HOCKOJ'H)Ky OUKINYCCKUE  CJABHI'H
MOCJICA0BATCIIbHOCTU Ui T'PYyHNIIbl KOAOB YHUKAJIbHBI, TO ONPEACIACTCA KOAOBAA
rpyInia U CMHHXpOHHU3alud KaJpoOB.

WACHTU(QHUKALINS KOJIa CKPEeMOIMPOBAHUS . UCIIONB3YS OTIPe/Ie]ICHHBIC HA BTOPOM IIIare
CHUHXPOHHM3AIMIO KaJApPOB M HOMEP KOJOBOW TPYIIIBI, BBHINOJIHSIETCS KOPPEISLHS
obmero nmuotHoro kanana (CPICH) co BceMu BO3MOXXHBIMH BOCEMBIO Pa3HBIMH
[IOCJIEI0BAaTENBHOCTAMM B KOJIOBOM rpynmne. Koxa, moka3zaBmIuii MakCHUMAalbHYIO
KOPPEISIHIO, CAUTAETCSI HOMEPOM KOJIa CKPeMOJIMPOBAHUS TAHHOM COTHI.

JletanbHOE ONMCAHME MOWCKA COTHI MOXKHO HAaWTH B TEXHHYECKOW crienm@ukanyu [IpoexTa mapTHepcTBa
tpetbero nokoserus (3GPP TS) 25.214.
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Oman 3: BBITIOJIHEHUE U3MEPEHNH, oTHOCcAImXCs K Monyisiunn WCDMA.

JHeckpemOnupoBaHue MOMy4eHHOTo curHana Juis 3axBara cumBona CPICH: cumBoner CPICH
MOJy4aroT MyTeM YMHOKEHHS [OJYYEHHOrO CHIHala Ha IOCJIE0BATEIbHOCTh KOJa
CKPEeMOJUPOBAaHUS HAUWHAs C TPAHWIBI Kajapa, HaWACHHOTO Ha 3Tame 2, U CyMMHpPOBAHHUS
256 mucKpeTos.

[Moareepxaenne moxysinun QPSK: mociie yMHOKEHHS 1eCKpeMOIMPOBAHHOTO CHTHANA Ha KO
nepBrUYHOro obmero ¢usnueckoro kanana ympasineHus (CCPCH) m kommeHcanmu capura
4acTOTHI BO3MOXKHO MPOBEPUTH TUT MoAy siuu curHana nepsuuHoro CCPCH. CaBur yactoTsl
oneHnBaercs mo cumBosiaM CPICH, kak ykaszaHo Bbie.

Ha pucynkax 16 b) u ) nokaszano co3sezaue moaysinui QPSK u pe3ynbTaThl MOUCKa COTHI, MTOIYYSHHBIE C
MOMOIIIBI0 PEKOMEHIOBAaHHOTO BBIIIE aHann3a peanbHbix curianoB WCDMA (3GPP/UMTS), ucnosb3yrommx
obmryro Hecymyio (oOHapykenbl 9 06a3oBbix cranimii (BS), curHamel KOTOPBIX OBLTHM H3MEPEHBI),
COOTBETCTBEHHO.

PUCVYHOK 16

HNnmoctpauus npouecca noJjiHoii uaentupuxanuu curuaios 3GPP/WCDMA B Tpu 3Tana

16 a) BoCCTaHOBIEHHE CHMBOJIBHOMN CKOPOCTH.
16 b) cunxponusarus cnotos, neckpembuposanue CPICH u nemonyistius CCPCH.
16 c) BeimonHeHue dTanos a) u b) wis moucka cor WCDMA, HCIIOIB3YIOIIHUX TY K€ HECYIIYIO.

«10° WCDMA, cumBonbHas ckopocts = 3 84MI' JluarpaMma paccestust
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PUCVYHOK 16¢

Oonapy:kenue u naeHTHGUKANNSA HeCKOJIBKUX coT WCDMA, cenob3yomux o0uyio Hecymyio,
1ocJjie CAHXPOHHU3aLMH CJI0TOB, JeckpemOaupoBanuss CPICH u nemoayasiuun CCPCH
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